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THE  COMMONWEALTH  AND  THE  COLLEGE. 

Christopher  W.  Hall,  M.  A.,  Dean  of  the  College  of  Bagineering,  Metallurgy 
and  the  Mechanic  Arts. 

Minnesota  is  supporting  a  School  of  Applied  Science,  called  the 
College  of  Engineering,  Metallurgy  and  the  Mechanic  Arts.  Is  that  a 
profitable  thing  for  the  State  to  do? 

Let  this  first  be  said:  The  College  of  Mechanic  Arts,  which  was  the 
Engineering  College  of  the  University  during  the  twenty  years  from 
1873  to  1892,  instructed  1,123  enrolled  students  and  graduated  50 
engineers  and  architects  all  of  whom  are  engaged  in  honorable,  re- 
sponsible and  lucrative  pursuits.  Nearlj^  all  these  students  and 
graduates  came  from  Minnesota  families;  they  have  entered  careers 
which  from  their  ver\'  nature  develop  a  broad  catholicity  of  spirit  and 
discipline  for  the  highest  usefulness  in  citizenship. 

The  State  has  passed  the  year  of  her  majority.  The  trend  of  her 
development  for  the  coming  century  is  well  defined.  She  will  be  in  part 
an  agricultural  state;  yet  agriculture  will  be  but  one  group  of  her  in- 
dustries. Manufactures,  mining,  transportation  must  occupj-  thou- 
sands of  citizens.  She  is  situated  at  the  eastern  frontier  of  an  empire 
vast  already  in  its  area  and  its  known  resources.  Along  highways 
must  be  carried  the  traffic  of  all  that  region.  The  coal,  the  iron 
and  the  thousand  and  one  articles  of  convenience  and  luxury  must  be 
brought  in  for  the  millions  of  consumers;  the  bread  stufis,  the  gold  and 
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the  silver  and  many  another  product  of  the  fields  and  mines  must  be 
sent  out  into  other  portions  of  the  ^'^orld  in  return.  These  highways 
must  be  made  in  perfect  manner  and  kept  in  perfect  condition;  the 
power  to  move  vast  loads  must  be  expended  with  the  least  loss  and  in 
the  most  effective  manner.  Engineers  to  build  roads  and  railways,  to 
construct  and  propel  steamers  and  to  conserve  the  uses  of  electricitV 
will  have  here  a  constantly  widening  field  of  useful  activity. 

Minnesota  has  some  of  the  most  remarkable  iron  ore  deposits  in 
the  world;  they  must  be  worked  by  trained  miners  and  their  ores  must 
be  treated  by  skilled  metallurgists.  Our  neighboring  States  have  silver, 
gold,  copper,  lead,  iron,  zinc  and  many  other  metals  together  with 
precious  stones.  The  millions  of  dollars  invested  in  these  deposits  and 
their  exploitation  must  yield  an  income;  to  secure  this  income  the 
highest  ability,  carefully  trained,  will  be  called  into  activity.  Within 
nine  years  our  commonwealth  has  sprung  from  obscurity  to  the  fifth 
place  among  the  iron  producers  of  North  America,  to  the  third  place  in 
the  production  of  hematite  ores  and  to  the  first  place  in  the  purity  and 
quality  of  her  product.  The  supply  appears  inexhaustible,  but  the 
obtaining  of  it  will  command  skill  and  vScience. 

Manufacturing  too  is  assuming  vast  importance.  During  the  last 
year  the  three  cities  of  Duluth,  Minneapolis  and  Saint  Paul  turned  out 
manufactured  goods  to  the  value  of  nearly  $200,000,000;  with  the 
same  ratio  of  production  to  population  extended  to  all  the  cities  of  the 
State  with  3,000  inhabitants  Minnesota  manufactures  reach  the  value 
of  over  $250,000,000.  This  sum  at  current  prices  will  buy  the  last 
wheat  crop  of  the  State  almost  ten  times,  or  the  Indian  corn  crop  of 
that  year,  twenty-five  times.  Think  what  trained  engineers  can  do  in 
the  manufacturing  interests  of  the  future  even  within  our  own  State ! 
The  best  guage  of  a  nation's  commercial  and  political  rank  among  the 
nations  of  the  world  is  found  in  the  record  of  its  mining  and  manufac- 
turing achievements.  The  country  that  makes  the  largest  use  of  its 
natural  products  is  the  leader  in  all  that  constitutes  true  national 
greatness. 

There  is  probably  no  line  of  applied  science  which  shows  the  rela- 
tionship of  the  imaginative  faculties  and  the  trained  business  talent  o 
men  better  than  architecture,    A  few  years  ago  architects  were  seldom 
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seen,  to-day  no  one  thinks  of  building  a  residence,  a  factor\'  or  a  busi- 
ness block  without  consulting  an  architect  to  secure  symmetrv^  and 
harmony  and  to  guard  against  violations  of  the  taste  and  artistic 
sense  of  the  age.  Minnesota  constructs  many  million  dollars  worth  of 
buildings  ^^early.  Men  must  be  had  to  design  and  superintend  this 
construction  of  the  present  and  to  direct  the  vastly  larger  plans  of  the 
coming  decade.  We  have  among  us  already  architects  of  national  re- 
pute; should  our  State  not  lay  the  educational  foundation  for  many 
more  such  men  among  her  own  sons  ? 

Industrial  chemistry  is  opening  a  wide  field  for  skilful  chemists. 
The  technical  applications  of  chemistry  are  many;  the  preparation  of 
pure  chemicals  and  drugs;  the  distillation  of  gases  and  liquids;  the 
preparation  of  dyes,  bleaching  compounds  and  processes;  the  printing 
of  cotton  and  woolen  goods;  the  making  of  sugars  and  the  preparation 
of  scores  of  our  modem  foodstuffs  all  demand  a  skill  and  fitness  for 
w^ork  of  rare  quality.  When  our  cities  are  filled  with  chemical  w^orks 
and  our  prairies  are  dotted  wnth  sugar  refineries,  as  now^  they  are  with 
creameries,  there  will  be  a  large  demand  for  the  most  skilful  and  in- 
genious chemists. 

Let  us  for  a  moment  take  a  broader  view.  W^e  will  not  utter 
prophecy,  for  we  should  then  produce  results  staggering  to  our  senses; 
let  us  rather  glance  at  the  past.  The  census  reports  on  our  national 
progress  during  the  past  decade  show  some  striking  figures.  For  in- 
stance: The  true  valuation  of  property  in  the  United  States  increased 
$20,000,000,000  in  the  ten  years  between  1880  and  1890;  the  capital 
invested  in  manufactures  in  1890  was  $4,600,000,000,  one  and  two- 
thirds  times  as  much  as  in  1880;  $500,000,000  more  was  paid  in  wages 
to  the  emploj^es  of  manufacturing  establishments  in  1890  than  in  1880; 
more  than  four  times  as  much  steel  w^as  manufactured  in  1890  as  in 
1880;  the  product  of  our  mines  and  quarries  for  1890  w'as  almost 
twicethat  of  1880;  thirty  railroads  w^hich  hauled  96,000,000  tons  of 
ireight  in  1880,  moved  nearly  263,000,000  tons  in  1890;  the  capital 
invested  in  railroads  increased  $5,000,000,000  in  the  same  ten  3"ears; 
in  1880  electricity  as  applied  for  power  was  a  new  thing,  to-day  over 
$800,000,000  capital  is  invested  in  all  branches  of  the  industry. 
Hotels  costing  a  million  dollars  each  are  almost  too  common  to  men- 
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tion,  as  are  manufacturing  structures  covering  acres  of  ground.  Truly 
"things  are  in  the  saddle  and  ride  Mankind," 

With  such  a  glimpse  of  the  past  decade  what  may  we  reasonably 
look  for  in  this?  We  have  already  outstripped  all  other  nations  in  the 
magnitude  of  our  industrial  operations.  What  high  engineering  and 
technical  skill  has  been  required  to  secure  this  result !  We  can  see  in  the 
future  a  demand  for  the  highest  and  best.  Some  one  must  furnish  this 
"best."  Since  Minnesota  too  demands  it,  let  her  prepare  her  own  sons 
to  become  the  best  in  effort  and  in  skill  and  thus  meet  the  home  demand. 
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ELECTRICITY  IN  AGRICULTURE. 

Geo.  D.  Shepardsox,  M.  E.,  Professor  of  Electrical  Engineering. 

Within  the  past  few  years  considerable  attention  has  been  paid  to 
the  uses  of  electricity  in  agriculture.  This  is  simply  a  renewal  of  inter- 
est in  a  subject  that  has  been  studied  for  over  a  century  and  a  half. 

Electricity  has  been  applied  to  agriculture  in  a  number  of  different 
ways.  Static  electricity  has  been  applied  to  seeds  and  to  growing 
plants.  Current  electricit\-  has  been  applied  to  the  soil.  Grow^ing 
plants  have  been  exposed  to  the  action  of  electric  lights.  The  heating 
effect  of  the  current  has  been  used  in  a  number  of  processes  more  or  less 
directly  connected  with  agriculture.  The  mechanical  effects  of  the  cur- 
rent are  being  used  to  an  enormous  extent. 

The  opportunities  for  electricitA-  in  farming  may  be  considered 
under  two  general  classes.  The  first,  in  which  it  is  applied  directU'  to 
the  growth  of  plants  or  animals;  the  second,  in  w^hich  it  is  applied  in 
various  ways  to  assist  the  farmer  in  his  work.  In  the  latter  class, 
electricity  is  applicable  in  four  ways:  For  furnishing  power,  light,  heat 
and  for  the  operation  of  telephones,  signals,  etc. 

The  recent  discussions  in  the  papers  have  generally  centered  about 
the  use  of  electricity-  as  a  source  of  mechanical  power  for  various  pur- 
poses about  the  farm.  This  is  a  natural  consequence  of  the  great  de- 
velopment of  electrical  transmission  for  other  industries  and  presents 
comparatively  few  difficulties  that  are  new.  Probably  the  greatest 
difficulty  is  that  of  getting  capital  to  meet  the  cost  of  experiments  in 
designing  the  special  machinery  that  would  be  necessary  for  some  pur- 
poses such  as  plowing  and  harvesting;  also  to  establish  the  power 
plants  and  obtain  other  equipment  necessary.  Some  farms  already 
have  steam  engines  that  could  drive  electrical  generators  for  most  pur- 
poses. Where  farms  are  not  large  it  would  be  best  to  have  a  central 
power  station  for  supplying  a  district  perhaps  ten  miles  square.  WTiile 
the  first  cost  of  installing  a  plant  for  the  use  of  electric  power  on  farms 
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and  farm  roads  would  involve  the  outlay  of  more  capital  than  the 
farmers  generally  care  or  are  able  to  expend;  yet  conservative  estimates 
seem  to  show  that  the  investment  would  be  made  profitable  bj^  the 
cheaper  and  safer  handling  of  crops. 

There  are  great  opportunities  for  the  electric  motor  in  agricultural 
work.  On  the  great  prairies  of  the  West  is  an  immense  area  nearly 
level,  free  from  stones,  trees  or  other  impediments  to  cultivation  of  the 
soil  by  power  machines.  The  sole  power  now  available  is  that  of  ani- 
mals. Western  farmers  discard  hand  implements  so  far  as  possible  and 
depend  almost  wholly  upon  animal  power  machines  in  the  production 
of  immense  crops  of  grain.  The  use  of  animal  power  is  subject  to  great 
limitations.  There  has  been  very  great  improvement  in  agricultural 
work  in  the  present  century  due  to  the  substitution  of  animal  orsteam 
power  for  manual  labor.  The  application  of  animal  power  to  the 
reaper  performs  the  labor  of  thirty  men.  We  harvest  twenty  acres  of 
grain  per  day,  thresh  twent\^  acres  and  carry  the  grain  five  hundred 
miles  per  6.Siy  to  market,  but  plowing  is  limited  to  two  acres  per  day. 
Western  agriculture  is  held  back  by  the  inability  of  animal  motors  to 
plow  wider,  deeper  and  swifter  furrows  at  less  cost.  There  is  now 
great  interest  in  the  matter  of  adapting  mechanical  power  to  this 
w^ork.  Several  steam  plows  are  being  set  up  in  Kansas,  and  at  the  last 
session  of  Congress,  Senator  Peflfer  introduced  a  bill  to  provide  for  the 
establishment  of  an  agricultural  power  experiment  station  by  the  gov- 
ernment, in  which  an  effort  might  be  made  to  determine  the  relative 
values  of  diiferent  motors.  The  problem  is  the  dragging  of  a  plow,  har- 
row, seeding  machine,  reaper,  or  a  wagon  loaded  with  grain,  half  a 
mile  in  a  straight  line  and  dragging  it  back  again  until  the  whole  field 
is  worked.  The  electric  motor  seems  particularly  well  adapted  to  such 
work  since  it  is  simple,  has  ample  power,  without  excessive  weight,  car- 
ries neither  fuel  nor  water  and  its  few  wearing  parts  can  easily  be  pro- 
tected from  dust  and  weather.  In  1879  electric  motors  were  used  in 
Europe  for  plowing  fields  near  the  beet  sugar  factory-  at  Sermaize  and 
did  the  work  at  the  rate  of  two  hundred  square  feet  per  minute. 

It  is  not  impossible  that  the  electric  motor  may  be  successfully  ap- 
plied to  the  operation  of  plows,  cultivators,  mowers,  reapers,  rakes, 
etc. 
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Electric  power  is  being  applied  very  largely  to  moving  vehicles  and 
a  considerable  number  of  electric  railways  are  being  built  through 
farming  districts  and  connecting  different  towns.  In  some  cases  these 
roads  are  doing  a  considerable  freight  business  and  will  be  used  more  and 
more  for  hauling  garden  and  other  produce  to  the  market.  Enthusi- 
asts have  pictured  railway'  lines  on  countrj-  roads  and  tramw^ays  con- 
necting farm  buildings  to  such  an  extent  that  the  horse  and  wagon 
would  be  used  only  in  a  ver^-  limited  way.  The  roads  that  have 
already  been  built  to  connect  different  towns  are  paying  so  good  divi- 
dends that  a  large  amount  of  capital  is  being  invested  in  this  direc- 
tion. This  has  an  important  bearing  in  connection  with  the  present 
agitation  for  good  roads.  Writers  have  vigorously  advocated  the  ad- 
vantages of  electric  raihvays  running  through  the  country  as  a  means 
of  bringing  the  farmer  closer  to  the  market,  cheapening  the  cost  of 
transportation,  and  rendering  his  entire  life  more  comfortable.  The 
same  motors  that  would  draw  his  produce  to  the  market  would  also 
be  useful  in  gathering  the  crops,  since  temporary  tramway's  might  be 
laid  through  the  fields. 

Stationary'  motors  could  easih'  be  arranged  for  doing  much  of  the 
work  about  the  bam,  which  now  is  done  by  hand  or  horse  power, 
such  as  running  feed  or  ensilage  cutters,  corn  shellers,  cob  grinders, 
threshing  and  seed-cleaning  machinery-,  hay^  forks,  horse  cleaners,  ele- 
vators, sorghum  mills,  cider  presses,  hay  presses,  and  cotton  gins. 
In  the  shop  the  motor  could  run  saws  for  cutting  stove  wood,  lumber 
and  various  other  purposes ;  for  running  planer,  lathe,  grind  stone, 
blower  for  forge  and  other  machine  shop  tools. 

A  motor  in  the  house  could  be  used  to  advantage  for  driving  wash- 
ing machinery,  chums,  butter  and  cheese  machines,  coffee  mills,  and 
ventilating  fans.  Pumps  could  be  used  for  forcing  water  into  ele- 
vated tanks  from  w^hich  it  could  be  used  for  fire  purposes,  drinking 
troughs,  for  washing  vehicles  or  irrigation;  also  for  the  dairy  house, 
laundry,  kitchen,  etc. 

For  many  purposes  a  motor  mounted  on  a  truck  would  be  of  ad- 
vantage, since  the  same  motor  could  be  moved  about  and  used  for 
different  machines. 

The  electric  light  has  already  been  used  in  agricultural  operations 
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to  a  considerable  extent.  The  large  sugar  plantations  in  the  Sand- 
wich Islands  are  provided  with  electric  light  plants,  which  light  up  the 
fields  at  night,  so  that  two  sets  of  hands  are  employed  and  harvesting 
goes  on  day  and  night  without  interruption.  A  number  of  farms  in 
the  United  States  have  adopted  electricitj'  for  lighting  buildings  as  a 
safer  means  than  lanterns  and  oil  lamps.  The  reduced  fire  risk  more 
than  compensates  the  increased  cost.  Strong  argument  may  be  ad- 
vanced for  the  use  of  portable  electric  light  plants  in  connection  with 
threshing  outfits.  It  is  well  known  that  enormous  amounts  of  grain 
are  lost  because  of  the  inability  to  get  the  grain  under  cover  or  get  it 
threshed  before  it  is  ruined  by  exposure  to  the  fall  and  winter  weather. 
If  threshing  outfits  were  provided  with  electric  light  plants,  they 
could  operate  two  gangs  of  men  and  do  nearly  twice  the  amount  of 
work  in  the  short  season  available  for  threshing.  Millions  of  money 
might  be  saved  annually  in  Minnesota  alone  by  the  adoption  of  this 
improvement. 

The  heating  effect  of  the  current  might  be  used  to  advantage  in  in- 
cubators, hot  houses,  and  similar  places  that  require  a  uniform  temp- 
erature. Electric  cooking  utensils  are  rapidly  coming  into  extended 
use.  It  is  not  impossible  that  trees  may  be  cut  and  lumber  sawed  by 
means  of  wires  heated  to  incandescence  by  electric  currents.  Indeed 
there  has  been  considerable  discussion  of  this  subject  during  the  past 
year. 

The  heating  and  chemical  effect  of  high  potential  currents,  such  as 
are  employed  in  arc  lighting,  has  been  used  with  great  success  in  de- 
stroying undesirable  vegetation.  Near  Memphis  the  experiment  was 
made  of  connecting  o-ne  terminal  of  a  dynamo  to  the  ground  while  the 
other  was  connected  to  a  wire  brush,  which,  dragged  over  the  ground, 
successfully  killed  all  the  weeds  and  grass  with  which  it  came  in  con- 
tact. Doubtless  a  modification  of  this  plan  could  be  used,  with  suc- 
cess and  economy,  in  destroying  some  of  the  pests  of  the  farmer's  life. 

Electricity  has  been  used  in  a  number  of  cases  for  operating  tele- 
phone and  telegraph  circuits  in  farming  districts,  in  opera  ting  call  bells, 
burglar  alarms,  electric  heat  regulators  and  for  many  similar  pur- 
poses. In  one  farming  community  in  Michigan  a  telegraph  line,  cost- 
ing about  $200,  was  run  through  the  country  connecting  all  the  farms 


Electricity  in  Agriculture.  9 

in  a  large  district  with  a  neighboring  village.  The  farmers  themselves 
or  their  children  have  learned  how  to  operate  the  instruments,  which 
have  repaid  their  cost  many  times  over  by  the  saving  effected,  on  ac- 
count of  better  means  of  communication. 

Electricity-  has  been  applied  directly  to  the  growth  of  plants  and 
animals  in  a  number  of  different  wa^'S.  One  has  been  that  of  turning 
night  into  day  by  placing  electric  lights  in  hot  houses.  Experiments 
show  that  periods  of  darkness  are  not  necessarj-  to  growth  and  de- 
velopment of  plants.  The  electric  light  promotes  assimilation;  it  often 
hastens  growth  and  maturity;  it  often  intensifies  colors  of  flowers  and 
sometimes  increases  their  productiveness.  The  experiments  along 
this  line  have  nevertheless  led  to  conflicting  and  indefinite  results. 
Under  some  conditions  the  presence  of  electric  light  at  night  is  a  great 
advantage,  but  in  other  cases  it  is  detrimental.  Considerable  work 
has,  however,  been  done  in  this  promising  field.  A  market  gardener 
in  England  is  reported  to  have  increased  his  profits  twentj'-five  per 
cent.  b3'  using  the  electric  light  for  forcing  lettuce. 

Static  electricity  has  been  applied  both  to  seeds  and  to  growing 
plants.  N.  Spechnew  soaked  various  kinds  of  seeds  until  they  swelled 
and  then  subjected  them  to  the  influence  of  induced  currents  for  one  or 
two  minutes.  He  found  that  electrified  seeds  developed  in  about  half 
the  usual  time,  and  that  the  plants  coming  from  them  were  better  de- 
veloped, having  larger  leaves  and  brighter  colors.  The  final  yield  was 
not  affected. 

It  is  also  thought  that  static  electricity  is  a  potent  factor  in  the 
economy  of  nature,  and  has  more  to  do  with  the  growth  and  develop- 
ment of  plants  than  is  generally  believed.  That  electricity  has  a 
marked  effect  upon  the  atmosphere,  is  shown  by  the  well  known  effect 
of  a  thunder  storm  in  clearing  and  purif\'ing  the  air.  It  has  long  been 
known  that  objects  in  the  air  show  a  considerable  difference  of  poten- 
tial from  the  earth.  It  is  commonh-  believed  that  the  air  itself  is  elec- 
trified, although  some  argue  that  the  electrification  comes  simply  b\' 
induction  from  the  earth  and  that  the  air  itself  is  not  electrified. 
Abbe  Nollet  in  174G  found  that  the  evaporation  from  plants  and  ani- 
mals, liquids  and  solids,  was  much  greater  when  they  w^ere  electrified 
than  when  not.    Abbe  Bertholon  in  1783  ran  sharp  metallic  points  in- 
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to  the  air  and  connected  them  with  other  metalHc  points  near  plants. 
The  plants  treated  in  this  manner  were  morevigorous  than  their  neigh- 
bors. These  experiments  have  been  tried  bj'  many  observers  but  with 
contradictory  results.  CI.  Bernard  in  1877  studied  the  effect  of  putting 
wire  cages  around  growing  plants  and  making  them  grow  in  unelec- 
trified  soil  and  atmosphere.  Plants  treated  thus  were  far  less  vigorous 
and  productive  than  those  growing  in  the  free  air  and  free  soil.  In 
1878  Bernard  studied  the  electrification  of  the  atmosphere  near  trees 
and  found  that  large  trees  of  massive  verdure  act  like  a  metallic  cage. 
It  is  a  matter  of  common  observation,  that  plants  do  not  flourish  in 
the  shade  and  it  has  been  suggested  b\'  Sir  William  Thomson,  Mas- 
cart,  Bernard  and  others  that  trees  act  as  electric  screens,  keeping  the 
electricity  of  the  air  from  plants  underneath.  Attention  may  be 
called  to  the  fact  that  pine  and  cedar  trees  are  especially  effective  in 
collecting  atmospheric  electricity,  on  account  of  the  great  number  of 
sharp  points  presented  by  their  needles.  It  is  observed  that  most 
plants  grow^  more  rapidly  at  night  than  in  the  day  time;  also  that  at 
night  the  plant  is  generally  covered  with  dew  which  is  a  good  con- 
ductor and  affords  atmospheric  electricity  an  easy  path  to  the  earth. 

In  view  of  these  observations,  the  writer  suggests  that  there  is  an 
increased  evaporation  from  plants  growing  in  an  electrified  atmos- 
phere, which  causes  an  increased  circulation  of  the  sap  and  so  materi- 
ally assists  the  growth  of  the  plant. 

That  atmospheric  electricity  has  much  to  do  with  the  economy  of 
plant  life  is  also  indicated  by  the  fact,  which  seems  to  have  been  over- 
looked by  former  writers  on  this  subject,  that  the  leaves  or  other  parts 
of  nearly  all  forms  of  vegetation  are  provided  with  numerous  sharp 
points  such  as  spines,  thorns,  hairs,  etc.,  which  assist  greatly  in  col- 
lecting or  discharging  atmospheric  electricity.  Maj^  it  not  be  that  in 
some  cases  this  is  their  principal  function?  In  this  direction  certainly 
lies  a  wide  field  that  will  abundantly  repay  careful  study  by  competent 
investigators,  who  have  at  their  service  the  best  modern  equipment, 
both  of  theory  and  apparatus. 

Currents  of  electricity  have  been  applied  to  the  soil  by  many  differ- 
ent experimenters  and  in  several  different  ways.  Lagrange  had  a 
number  of  pointed  conductors  in  the  air,  connected  with  a  network  of 
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galvanized  wires  buried  in  the  soil.  Others  have  buried  plates  of  zinc 
and  copper  which  were  connected  by  an  insulated  wire  so  as  to  form 
an  earth  battery.  Still  others  have  buried  in  the  ground  plates  or 
wires  which  were  connected  with  a  batter\'  or  other  source  of  current. 
B\'  each  of  these  three  methods  current  is  sent  through  the  soil  and 
affects  the  vegetation  in  the  vicinity,  apparently  by  electrohtic  action 
upon  the  soil. 

The  results  obtained  w'ith  current  electricity  applied  in  these  waAS 
have  been  as  contradictory  as  those  obtained  from  the  application  of 
static  electricity  or  the  electric  light.  Under  some  circumstances  the 
current  through  the  soil  seems  to  exert  a  beneficial  effect.  In  other 
cases  it  seems  to  be  detrimental.  Lagrange  draws  the  conclusion  that 
current  electricity  is  better  for  plant  cultivation,  while  static  electri- 
city is  better  for  roots.  A  number  of  experimenters  conclude  that  the 
use  of  electricity  is  good  for  some  plants  and  bad  for  others.  Still 
others  claim  it  is  not  only  useless  but  harmful  in  every  case.  The 
action  of  electricity'  upon  plants  seems  like  that  of  certain  chemicals 
upon  the  human  body.  In  small  doses  they  are  helpful  stimulants ;  in 
large  doses  they  are  fatal  poisons ;  or  in  still  larger  doses  they  are  less 
harmful. 

The  present  state  of  the  art  is  practicalh^  this  :  IHectricity  doubt- 
less has  an  action  upon  vegetation  but  the  conditions  for  its  best 
application  are  but  little  better  understood  to-day  than  they  were 
years  ago.  It  is  noticable  in  the  report  of  all  the  experiments  that 
no  quantitative  measurements  have  been  made  of  the  electrical  energy' 
developed  or  applied.  In  view  of  the  contradictory  results  obtained 
from  experiments,  we  are  sometimes  forced  to  the  conclusion  that  for 
most,  if  not  all,  plants  a  certain  amount  of  static  and  current  elec- 
tricity is  valuable.  For  knowledge  further  than  this,  there  must  be 
carried  on,  with  greater  care  and  intelligence,  experiments  in  which  a 
studA'  may  be  made  of  the  best  methods  of  applying  electricity  and  the 
proper  amount  to  be  applied  under  various  conditions.  It  is  the  inten- 
tion to  carr\'  on  some  such  experiments  at  the  University  farm  during 
the  coming  summer. 
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THE  PRACTICE  OBSERVATORY. 

The  need  of  an  observatory  for  the  use  of  the  students  in  astron- 
omy in  the  College  o*f  Science,  Literature  and  the  Arts  and  the  students 
in  Geodesy  in  the  College  of  Engineering,  Metallurgy  and  the  Mechanic 
Arts  has  long  been  felt. 

While  much  thought  has  been  given  to  the  question  of  a  University 
Observatory  the  weight  of  opinion  has  been  in  favor  of  a  practice  ob- 
servatory located,  on  the  University  grounds  and  equipped  with  a  full 
complement  of  small  first-class  instruments  to  be  used  by  every 
student  in  astronomy  and  geodesy  as  the  best  suited  to  our  needs.  It 
was  not  until  1891  that  the  plan  of  such  a  students'  working  observa- 
tory was  carried  out. 

The  observatory  building  is  constructed  of  blue  limestone  and  is 
situated  on  the  highest  ground  of  the  campus. 

The  instrumental  outfit  now  consists  of  a  transit  circle,  made  by 
Segmuller  of  Washington  (Fauth  &  Co.),  having  a  telescope  of  three- 
inch  aperture,  to  the  axis  of  which  is  attached  a  graduated  circle  of 
eight-inch  radius.  A  delicate  spirit  level  is  kept  suspended  from  the 
axis.  To  the  eye  end  of  the  telescope  is  attached  a  micrometer,  which 
contains  a  reticle  of  spider  lines,  arranged  parallel  to  the  meridian, 
and  a  single  thread  parallel  to  the  horizon,  movable  by  means  of  a 
fine  screw  so  graduated  that  fractions  of  a  revolution  of  the  screw 
may  be  read.  The  circle  is  graduated  to  five  minutes.  The  single 
minutes  and  seconds  are  read  by  means  of  two  microscopes  attached 
to  the  pier.  These  microscopes  are  furnished  w^ith  micrometers,  by 
means  of  which  the  distance  of  the  division  mark  from  the  zero  point 
is  directly  measured  to  tenths  of  seconds.  The  spider  lines  of  the 
reticle  are  illuminated  by  the  light  from  an  electric  lamp  which,  enter- 
ing through  the  hollow  axis  of  the  telescope,  strikes  against  a  metallic 
reflector  and  is  thence  directed  to  the  eye  end  of  the  telescope.  The 
whole  telescope  can  be  reversed  on  its  bearings,  so  that  the  eastern 
and  western  pivots  change  places. 
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This  instrument  is  fundamentally  a  meridian  circle,  but  may  be 
converted  into  a  zenith  telescope,  by^  attaching  a  level  to  the  telescope, 
parallel  to  the  meridian.  When  used  as  a  meridian  circle,  an  observa- 
tion consists  of  two  separate  measurements:  first,  the  exact  time  a 
star  crosses  the  meridian  is  determined;  second,  the  altitude  of  the 
star  when  on  the  meridian  is  measured.  The  first  is  effected  bj'  ob- 
serving the  time  when  the  star  is  on  each  wire  of  the  reticle  and  taking 
the  mean.  The  telescope  should  be  so  adjusted  that  the  wire  which 
corresponds  to  this  mean  will  be  in  the  meridian.  The  second  meas- 
urement is  obtained  by  taking  the  difference  of  readings  of  the  circle 
when  the  movable  wire  is  on  the  horizon  and  on  the  star.  When  the 
error  of  the  clock  and  the  latitude  of  the  observatory  are  known,  an 
observation  gives  the  right  ascension  and  declination  of  the  star. 
When  the  right  ascension  and  declination  of  a  star  are  known,  the  ob- 
servation gives  the  clock  error  and  the  latitude  of  the  observatory. 

A  first-class  chronograph,  by  the  same  maker,  is  used  in  connection 
with  an  astronomical  clock,  made  by  Howard  of  Boston. 

A  ship  chronometer  regulated  to  sidereal  time  is  used  with  the 
transit  for  the  eye  and  ear  method. 

Plans  are  already  under  consideration  for  the  addition  of  a  suit- 
able equatorial  telescope,  which  will  soon  be  made  and  will  furnish  all 
that  could  be  desired  in  that  direction  in  a  practical  students'  observa- 
tory. 
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FIRE- PROOF  BUILDINGS. 

J.  E.  Wadsworth,  C.  E.,  Assistant  Professor  of  Civil  Engineering: 

The  losses  from  fire  in  this  country  are  enormous,  and  well  nigh 
appall  one  by  their  amount  when  expressed  in  dollars  and  cents.  Ed- 
ward Atkinson,  in  an  article  in  the  Engineering  Magazine  of  May, 
1892,  on  "fire  risks  on  tall  office  buildings,"  makes  this  statement: 
"  The  fire  tax  of  this  country  now  costs — in  fire  losses,  in  the  cost  of 
sustaining  the  insurance  companies  and  the  excessive  cost  of  the  fire 
departments  combined — a  sum  equal  to  the  entire  cost  of  sustaining 
the  United  States  government  in  all  its  parts,  together  with  the  inter- 
est on  the  national  debt."  It  will  be  seen  from  this,  that  from  a 
financial  standpoint  alone,  neglecting  the  danger  to  human  life,  which 
cannot  be  estimated  in  dollars  and  cents,  there  is  a  great  need  of  mak- 
ing our  buildings,  if  not  absolutely  fire-proof,  at  least  more  nearly  so 
than  now. 

The  subject  of  fire-proofing  is  not  one  of  recent  origin,  although  it 
has  made  great  advances  in  these  later  years  on  account  of  the 
growth  of  our  large  cities,  and  the  consequent  congestion  of  the  busi- 
ness of  these  cities  in  limited  areas,  necessitating  large  and  expensive 
buildings  in  close  proximity  to  each  other,  subjected  to  great  fire  risks. 
It  is  supposed  that  the  stone  vaulted  roof  of  the  cathedral  is  a  result 
of  an  attempt  to  prevent  the  destruction  of  the  roof  by  fire,  as  we 
read  that,  **  after  a  fire  in  1141  Bishop  Alexander  replaced  the  wooden 
roof  of  the  nave  (of  the  London  Cathedral)  with  a  stone  vault."  Mr. 
Hatfield  {Proa.  Am.  Inst.  Architects,  1878),  gives  as  an  example  of 
the  durability  of  a  brick  building  with  a  vaulted  roof,  the  Pantheon, 
which  for  "nineteen  centuries  of  its  existence,  has  been  subjected  to  re- 
peated conflagrations."  Iron,  in  the  shape  of  cast  iron,  began  to  be 
used  in  buildings  about  sixty  years  ago.  In  1836,  Dr.  Fox  of  Bristol, 
proposed  a  system  of  flooring,  composed  of  inverted  tees  of  cast  iron 
spaced  about  eighteen  inches  apart ;  on  the  flanges  of  these  tees,  span- 
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ning  the  opening  between  them,  wooden  strips  one  inch  square  were 
placed,  leaving  about  one-half  inch  openings  between  the  strips.  Upon 
these  wooden  strips  a  thin  coating  of  coarse  mortar  was  spread, 
enough  passing  through  the  half-inch  spaces  to  form  a  support  for  the 
ceiling  plastering,  which  covered  the  bottom  of  the  beam  to  the  depth 
of  one-half  inch.  On  top  of  the  mortar  a  la\'er  of  concrete  was  spread 
and  leveled  off  for  the  floor.  Thus  the  iron  was  covered  and  protected 
from  the  direct  action  of  the  heat. 

Let  us  ask,  what  is  meant  by  the  term  £re-proof,  as  it  is  used  to- 
day ?  The  Encyclopsedia  Britannica  states :  "  It  is  now  conceded  that 
the  thorough  fire  proofing  of  an\^  building  is  almost  impracticable." 
In  a  paper  read  by  F.  Schumann,  C.  E.,  before  the  American  Institute 
of  Architects  in  1878,  the  statement  is  made  that  *'  warehouses  for 
the  storage  of  miscellaneous  merchandise  cannot,  with  our  present 
knowledge,  be  constructed  absoluteh'  fire-proof;  we  can  only  apply 
devices  that  diminish  the  danger,  bj'  confining  and  localizing  the  con- 
flagration." Mr.  C.J.  H.  Woodbury,  in  a  lecture  before  the  Franklin 
Institute  Jan.  23,  1891,  sa3's  that  "a  fire-proof  building  is  a  com- 
mercial impossibility-,  because  if  one  could  be  constructed  so  as  to 
withstand  the  destruction  of  its  contents,  it  w^ould  be  good  for  little 
else  and  the  cost  would  be  prohibitive."  It  is  said  that  when  William 
A.  Green  was  chief  of  the  Boston  fire  department,  he  received  a  letter 
from  an  oflicial  in  Berlin,  asking  for  a  description  of  the  fire-proof 
buildings  of  Boston.  He  replied,  that  the^-  had  but  one,  the  Beacon 
Hill  reservoir,  and  they  did  not  always  feel  quite  sure  of  that.  Since 
these  opinions  were  given,  the  subject  has  been  studied  and  advances 
made,  so  that  buildings  are  being  put  up  todaj^  which,  it  is  claimed, 
can  withstand  the  heat  caused  bj-  the  total  combustion  of  the  con- 
tents, and  the  buildings  remain  intact. 

We  have  had,  fortunately,  a  good  test  of  one  of  these  buildings 
during  the  past  year.  On  October  31,  1892,  the  nine-story,  fire-proof 
building  of  the  Chicago  Athletic  Club  caught  fire  and  all  the  contents 
burned.  The  building  was  in  course  of  erection  and  was  therefore 
open  from  top  to  bottom,  which  would  not  have  been  the  case  had  it 
been  completed.  If  the  amount  of  combustible  material  in  the  build- 
ing was  as  great  as  it  would  have  been  were  the  building  completed, 
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it  would  afford  a  very  complete  test.  The  owners  of  the  building 
employed  the  well-known  engineers,  Gen.  Wm.  Sooysmith  and  Mr. 
Isham  Randolph,  to  make  an  examination  of  the  building  after  the 
fire.  The  following  are  extracts  from  their  report :  "  It  is  evident  that 
the  building,  when  it  took  fire,  contained  a  very  large  quantity  of 
combustible  material.  If  the  building  had  been  completed,  it  would 
never  have  contained  combustible  material  enough  to  have  produced 
heat  enough  to  do  any  considerable  injury  to  the  building  by  burning. 
This  building  furnishes  an  assurance  that  was  lacking  before ;  that 
the  metal  parts  of  a  building,  if  thoroughly  protected  by  fire-proofing 
properly  put  on,  will  safely  withstand  any  ordinary  conflagration. 
The  integrity  of  the  building  does  not  seem  to  be  impaired,  and  it  may 
be  made  as  good  as  new  by  replacing  the  parts  injured." 

The  following  is  from  the  published  statement  of  an  official  of  the 
insurance  patrol :  "As  far  as  we  can  see,  the  building  itself  is  all  right. 
The  big  girders  are  not  bent,  the  brick  floors  are  not  broken  and  noth- 
ing has  gone  up  but  the  slight  brick  partitions  and  brick  casings 
around  the  pillars.  A  few  unimportant  scantlings  that  held  the  parti- 
tions in  place  are  bent  and  must  be  replaced.  On  the  whole  the  build- 
ing is  as  sound  as  ever." 

There  has  recently  been  another  practical  test :  On  April  2,  1893, 
the  contents  of  about  30  or  40  offices  in  the  Temple  Court  building  in 
New  York  were  destroyed  by  fire.  The  Engineering  News,  of  April  6, 
makes  this  statement  of  the  fire:  "The  framework  of  the  building 
itself  was  practically  uninjured.  The  fire  stripped  every  particle  of 
plastering  from  the  walls  and  ceilings  in  some  rooms,  but  the  tile  cov- 
ering protecting  the  floor  beams  was  not  materially  broken  away  in  a 
single  instance,  and  in  only  half  a  dozen  or  so  places  were  patches  of 
the  fire-proofing  removed  from  the  columns."  From  these  statements 
it  will  be  seen  that  the  definition  of  a  fire-proof  building  is  gradually 
changing,  and  we  are  coming  nearer  and  nearer  the  ideal.  It  can  be 
said  now  that  a  building  can  be  built  so  as  to  withstand  the  complete 
combustion  of  its  contents  and  remain  intact ;  it  only  remains  so  to 
construct  a  building  that  the  contents  of  one  room  may  be  destroyed 
and  the  rest  of  the  building  and  its  contents  remain  intact  and  we 
shall  have  a  perfect  fire-proof  building. 
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In  the  construction  of  fire-proof  buildings  two  precautions  are  to 
be  taken,  viz.:  The  precaution  to  prevent  the  fire  from  spreading  from 
one  building  to  another,  and  the  precaution  to  prevent  the  spread  of 
fire  from  one  part  of  a  building  to  another. 

Buildings  can  also  be  divided  into  two  general  classes : 

I.  Buildings  containing  combustible  material. 

II.  Buildings  containing  no  combustible  material. 

Bearing  in  mind  the  precautions  just  given,  it  is  seen  thatthe  treat- 
ment of  class  II.  is  comparatively  simple.  If  the  building  is  isolated 
from  other  buildings,  or  surrounded  by  buildings  of  the  same  class,  it 
needs  no  protection  save  that  the  building  be  composed  of  non-com- 
bustible materials.  This  condition  is  generalh'  met  b}'  making  the 
building  entirely  of  brick,  iron  and  glass.  But  if  the  building  is  in 
close  proximity  to  other  buildings,  which  are  combustible,  it  must 
have  its  sides  and  roof  covered  with  materials  that  can  resist  the 
intense  heat  given  ofi"  by  the  other  building  during  its  combustion. 
This  will  necessitate  having  brick  walls,  fire-proof  shutters  for  the 
windows  and  a  terra-cotta  roof  or  a  wooden  roof,  tinned.  Precaution 
must  be  taken  that  all  iron  shall  be  protected  b^'  some  nonconducting 
material,  so  that  it  shall  not  become  heated  enough  to  cause  undue 
expansion.  In  the  Boston  fire  of  Nov.  28,  1889,  the  Ames  building  is 
said  to  have  failed  by  reason  of  the  expansion  of  the  roof  trusses, 
pushing  the  w^alls  out  and  thus  destroying  the  building  before  the  fire 
had  becrun  its  work. 

It  i^  under  class  I.  that  most  buildings  are  found.  This  class  may 
be  subdivided  into  sub-classes:  (a)  Warehouses,  made  as  nearly  fire- 
proof within  and  without  as  possible,  by  protecting  all  iron  work  and 
window  openings,  and  by  limitation  of  space,  {h)  Public  buildings 
and  dwellings, containing  some  combustible  material  in  their  structure 
but  having  all  vital  parts  composed  of  fire-proof  materials.  The  con- 
ditions of  class  (a)  may  be  met  by  using  fire-proof  floors,  keeping 
each  floor  separate  from  all  others  and  providing  all  outside  open- 
ings with  fire-proof  doors  or  shutters. 

For  fire-proof  floors  it  has  been  found  that  porous  terra-cotta 
arches  with  steel  I  beams  make  the  best  floors.  A  very  complete  set  of 
tests  was  made  on  different  flooring  materials  in  Denver,  Colorado,  for 
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the  Equitable  building  in  that  city  in  1891,  and  it  was  shown  that 
porous  terra-cotta  was  farsuperior  to  any  of  the  others.  (See  Engin- 
eering News,  Aug,  29,  1891,  p.  180.)  Terra-cotta  is  also  a  very 
good  non-conducting  material.  W.  W,  Boyington,  an  architect  of 
Chicago,  claims  to  have  heated  a  porous  terra-cotta  tile  to  a  white 
heat  at  one  end  and  held  the  other  end  in  his  hand. 

Class  (b)  is,  perhaps,  the  most  common  class  met  with  and  also 
the  most  difficult  to  deal  with.  It  is  to  this  class  that  the  Chi- 
cago Athletic  Club  and  the  Temple  Court  building  of  New  York  would 
belong,  and  it  is  seen  from  the  results  of  these  tests  that  as  far  as  the 
building  itself  is  concerned  the  problem  may  be  solved.  The  main 
point  in  this  class  of  buildings,  as  in  all  the  others,  is  completely  to 
isolate  different  parts  of  the  building,  and  under  no  consideration  to 
allow  two  floors  to  be  connected.  This  may  be  accomplished  by  hav- 
ing all  flues,  such  as  elevator  shafts,  stairw^ays,  openings  for  gas,  steam 
and  water  pipes,  electric  wiring  and  transmission  of  power,  enclosed 
in  fire-proof  shafts  and  connected  with  each  floor,  when  necessary,  by 
openings  provided  with  fire-proof  doors.  The  floors  must  be  fire  and 
water-proof,  all  iron  work  must  be  protected  by  some  non-conducting 
material  as  terra-cotta,  well  fastened  to  the  iron  work.  In  the  Chi- 
cago Athletic  Club  building  the  fire-proofing  was  attached  to  the  col- 
umns by  wooden  strips,  which  burned  out  and  let  part  of  the  fire- 
proofing  fall.  All  unnecessar3'  wood-work  should  be  avoided  and 
especially  varnished  wood-work.  All  windows  should  be  protected 
with  shutters.  All  shutters  and  fire-proof  doors  should  be  attached 
directly  to  the  wall  and  not  to  anj-  wood-work  or  any  material  likely 
to  be  destroyed  by  fire.  This  seems  simple  enough  to  understand, 
yet  there  are  numerous  instances  where  it  has  not  been  done.  A  single 
thickness  iron  door  is  almost  valueless  as  a  fire  protection.  A  door 
which  has  safely  withstood  seven  fire  tests,  is  a  door  composed  of  two 
layers  of  boards,  laid  at  right  angles  to  each  other  to  prevent  warping, 
and  covered  with  tin. 

One  great  cause  of  fires  is  due  to  the  fact  that  a  wall  which  may 
be  a  secure  protection  against  a  high  temperature  intermittent  in 
character  becomes  dangerous  when  the  source  of  heat  becomes  con- 
tinuous.   There  are  many  examples  of  fires  arising  from  this  cause, 
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e.  g.,  a.  wall  back  of  a  grate,  when  the  heat  is  made  continuous  either 
by  a  continuous  fire  or  by  a  bank  of  ashes,  has  been  known  to  set 
wood-work  afire  on  the  other  side,  while  the  same  wall  was  perfectly 
safe  for  much  greater  heat,  if  intermittent.  Numerous  cases  are  on 
record  where  fires  have  arisen  from  seemingly  no  cause,  but  were  found 
to  have  been  caused  by  continuously  heated  steam  pipes,  the  tempera- 
ture of  the  pipes  at  no  time  being  considered  dangerous.  There  is  one 
other  reason  for  completely  isolating  difierent  portions  of  a  building, 
viz.,  the  damage  caused  by  smoke.  In  a  great  manj'  cases  the  damage 
from  smoke  is  as  great  or  greater  than  fi-om  the  fire  itself,  and  in  many 
cases  it  has  caused  a  loss  of  life. 

There  is  a  great  deal  said  these  da\'s  about  slow-burning  buildings, 
and  all  buildings  that  cannot  be  classed  as  fire-proof  are  called  slow- 
burning.  A  properly  constructed  slow^-buming  building  is  practically 
fire-proof,  and  is  probably  much  more  so  than  man\'  so  called  fire- 
proof buildings.  The  most  important  feature  of  the  modem  slow- 
burning  building  is  the  use  of  continuous  floors,  thus  avoiding  as  much 
as  possible  all  holes,  and  the  avoidance  of  anj^  concealed  spaces  which 
may  act  as  flues  for  a  fire.  Therefore  the  ceiling  must  follow  the  floor 
joists  around  to  the  floor  above,  not  enclosing  a  concealed  space 
between  floor  joists.  In  slow-burning  buildings  all  w'alls  are  composed 
of  some  fire-proof  material  as  stone  or  brick.  The  roof  is  composed  of 
planking  on  which  is  laid  tin  or  slate.  All  stairways,  elevators,  power 
or  belt  shafts,  etc.,  are  enclosed  in  fire-proof  flues,  and  there  is  no  com- 
munication with  Siny  floor  except  through  openings  provided  with 
shutters.  The  floor  is  composed  of  two  la\'ers,  the  lower  one  of  three 
inch  planking.  The  floor  joists  are  rather  large  timbers  spaced  far 
apart.  All  columns  and  joists  are  designed  to  sustain  their  loads  when 
1^2  inches  have  been  burned  fi-om  all  sides.  In  places  especially  dan- 
gerous, the  wooden  beams  are  covered  with  plastering. 
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CHARACTERISTICS  OF  THE  TRUE  ENGINEER. 

Abstract  of  lecture  delivered  before  the  Society  of  Engineers,  by  Wm.  R.  Hoag,  C.  B.,   Profes- 
sor of  Civil  Engineering. 

The  following  illustration  was  given  of  the  nature  of  the  fields  of 
engineering:  A  wise  landlord  once  upon  a  time  owned  a  vast  estate 
which  was  divided  naturally  into  many  fields  and  each  field  was  by 
nature  devoted  to  a  particular  line  of  work.  In  one  field  were  rocks 
which  could  be  quarried  for  use  over  the  entire  estate;  in  another  were 
ores  and  minerals  to  be  dug  out  of  the  earth;  there  were  streams  along 
thecourseof  which  were  waterfalls  by  which  all  sorts  of  machiney  could 
be  run  and  electric  light  be  furnished  to  all  parts.  In  the  most  beautiful 
spot  on  the  whole  estate  the  mansion  of  the  owner  and  the  houses  of 
the  workmen  were  built.  Men  were  hired  and  given  perfect  freedom 
of  choice  to  enter  any  line  of  work  the  estate  could  furnish,  and  an  ac- 
curate account  of  each  man's  work  was  kept,  not  of  what  he  wanted 
to  do  or  believed  he  could  do,  but  of  what  he  actually  did.  Every 
man  felt  that  no  injustice  was  done,  but  when  his  work  was  finished 
his  reward  followed. 

Engineer  John  T.  Howard,  of  England,  was  quoted  in  the  state- 
ment that  a  university  training  must  in  the  future  plaj'^  a  large  part  in 
the  education  of  an  engineer.  This  fact  is  fast  gaining  recognition  be- 
fore the  industrial  world.  The  true  engineer  is  not  determined  by  the 
number  of  inventions  patented.  If  this  were  so,  we  should  have  but 
one  engineer, — Edison.  He  is  not  determined  by  the  number  of  books 
written;  as  Rankine,  or  Weisbach  or  Thurston  would  then  be  the  only 
engineers;  he  is  not  determined  by  the  size  of  his  income,  or  some  of 
our  railroad  engineers,  whose  income  exceeds  that  of  the  President  of 
the  United  States,  would  be  the  only  true  engineers;  nor  is  he  the  only 
engineer,  who  has  given  to  the  world  one  great  thing.  But  he  is  truly 
an  engineer  who  follows  out  a  successful  and  thus  useful  career  along 
some  line  of  work  which  he  enjoys  and  into  which  he  can  throw  the 
enthusiasm  of  his  whole  nature.    The  man  who  calculates  and  tests 
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and  adjusts  accurately  every  bolt  and  rivet  and  brace  to  the  strain 
which  is  to  come,  is  as  true  an  engineer  as  he  who  superintends  the 
construction  of  the  bridge.  The  man  carr3'ing  out  perfecth'  a  certain 
process,  calculated  to  extricate  a  metal  from  its  ore,  and  doing  it  care- 
fully and  thoroughly,  is  just  as  truly  an  engineer  as  he  who  originates 
the  process. 

With  this  ideal  of  what  constitutes  a  true  engineer  we  see  that  his 
acquirements  must  be  partly  technical.  Several  branches  of  study 
necessary  in  this  technical  training  were  noted.  There  are  now  60 
schools  in  the  United  States  vehere  technical  education  is  given  to  fit 
for  special  duties.  The  graduates  who  obtain  the  best  positions  with 
corporations  and  in  government  work  are  those  who  devote  them- 
selves assiduously  to  the  preparation  these  technical  schools  afibrd. 

The  practical  side  of  the  engineer's  training  v^ras  then  dwelt  upon. 
The  necessity  of  noting  the  progress  of  discovery  in  the  natural 
sciences  as  well  as  in  inventions,  and  the  application  of  those  discover- 
ies to  the  needs  of  daily  life  were  emphasized. 

Engineering  in  all  its  branches  is  now  rapidly  passing  into  a 
science  without  losing  any  of  its  elements  as  an  art.  To-day,  scien- 
tific methods  are  emplo3^ed  without  regard  to  precedent.  The  result  is 
a  wonderful  advance  along  all  lines  of  construction,  and  in  valuable 
discoveries,  from  careful  and  well  directed  investigation. 
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DESIGN  OF  A  HIGH-SPEED  CORLISS  EXPERIMENTAL  ENGINE. 

J.  H.  Gill,  B.  M.  E. 

This  engine  was  designed  to  meet  the  needs  of  the  department  of 
mechanical  engineering  of  the  University  for  an  experimental  engine. 
The  conditions  imposed  were:  1st.  A  compound  condensing  engine  of 
100  horse-power.  2d.  The  steam  to  be  taken  from  the  University 
heating  plant  at  a  pressure  of  75  pounds  per  square  inch.  3d.  The 
steam  to  be  expanded  at  least  10  times  between  boiler  and  condenser, 
when  working  at  the  rated  horse-power.  4th.  The  cylinders  and  re- 
ceiver to  be  completely  steam  jacketed,  and  the  pipingso  arranged  that 
the  steam  may  be  cut  off  from  the  jackets  completely  or  used  in  any 
one  jacket  as  desired.  5th.  Each  cylinder  to  be  provided  with  a  separ- 
ate flywheel,  governor,  etc.,  and  thus  be  a  complete  engine  by  itself. 
The  two  engines  were  to  be  connected  as  one  compound  by  a  flange 
coupling  on  the  crank  shaft.  The  angle  of  the  cranks  was  to  be 
changed  by  shifting  the  coupling  one  or  more  holes.  It  was  thought 
desirable  to  limit  the  size,  so  that  most  of  the  engine  could  be  built  in 
the  University  shops  and  thus  furnish  valuable  shop  practice  for  the 
students. 

The  condition  of  size  necessitated  a  high  speed  to  produce  the  re- 
quired power.  A  four-valve  engine  was  desirable  on  account  of  the 
variety  of  adjustments  possible.  As  a  high  speed  is  impracticable  with 
the  ordinary  Corliss  dash-pot  and  releasing  gear,  it  was  decided  to 
connect  the  valves  direct  to  the  eccentrics  and  use  a  shaft  governor 
with  a  shifting  cut-off  eccentric;  thus  there  could  be  obtained  a  positive 
valve  motion.  The  speed  selected  was  200  revolutions  per  minute  and 
stroke  18  inches.  With  75  pounds  gauge  pressure  and  10  expansions, 
these  conditions  required  a  low  pressure  cylinder  17  inches  in  diameter. 
To  do  equal  work  in  each  cylinder,  the  steam  would  have  to  expand 
about  five  times  in  the  high  pressure  cylinder  and  twice  in  the  low  pres- 
sure cylinder.    As  it  was  thought  more  desirable  to  have  nearly  an 
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equal  number  of  expansions  in  each  cylinder,  a  compromise  was  made 
between  equal  work  and  equal  expansion,  giving  3.5  expansions  in  the 
high  pressure  cylinder  and  2.86  expansions  in  the  low  pressure  cylinder. 

The  steam  distribution  was  effected  by  means  of  modified  Corliss 
valves,  the  modification  consisting  in  using  a  double  valve  to  admit 
the  steam  to  the  cylinder.  This  double  valve  is,  in  reality,  two  cylin- 
drical Corliss  valves,  one  inside  the  other.  The  outside  or  main  steam 
valves  and  the  exhaust  valves  arc  connected  to  a  wrist-plate  and  this 
verist-plate  to  the  fixed  eccentric  in  the  ordinary  w^ay.  The  inside  or 
cut-off  valves  are  connected  through  an  independent  wrist-plate  to  the 
shifting  eccentric  and  are  regulated  by  the  governor.  They  work  in 
connection  with  the  main  steam  valves  in  exacth'  the  same  manner  as 
the  double  valve  of  the  Buckeye  engine.  By  means  of  this  valve  gear, 
the  cut-off  may  be  varied  from  zero  to  seven-eighths  of  the  stroke,  and 
at  all  but  the  extremeh-  late  cut-offs,  the  part  is  closed  by  the  main  and 
cut-off  valves  moving  in  opposite  directions,  thus  giving  a  very  rapid 
cut-off.  The  main  steam  valves  control  the  admission,  the  exhaust 
valves  the  exhaust  and  compression,  and  the  cut-off  valves,  working  in 
their  movable  seats,  the  cut-off.  All  are  independently  adjustable, 
giving  the  greatest  possible  variety  of  adjustment  for  experimental 
purposes. 

The  governor  is  one  of  special  design  in  which  the  principle  of 
inertia  is  used  in  connection  with  that  of  the  ordinary  centrifugal 
governor.  This  combination  gives  a  governor  which  will  respond  in- 
stantly' to  a  change  of  load.  It  is  readily  seen  that  with  a  governor 
depending  on  centrifugal  force  alone,  the  speed  must  change  perceptibly 
before  the  governor  can  act.  But  inertia  supplies  us  with  a  force  which 
will  be  called  into  action  at  the  instant  of  any  change  in  load.  This 
will  prevent,  in  a  great  measure,  the  instantaneous  variation  in  speed, 
which  is  so  objectionable  in  electric  work. 

The  frame  of  the  engine  is  modeled  after  that  of  the  new  experi- 
mental engine  recently  built  for  Sibley  College  by  E.  P.  Allis  &  Co.,  of 
Alilwaukee,  and  since  adopted  by  them  as  their  standard  type  of  frame. 
The  bearings  are  made  large  and  the  engine  is  designed  safely  to  stand 
150  pounds  working  steam  pressure. 
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STEAM  BOILER  EXPLOSIONS. 
H.  E.  Smith,  M.  E.,  Asst.  Processor  of  Mechanical  Engineering. 

The  cause  of  boiler  explosions  is  a  subject  which  has  often  at- 
tracted the  attention  of  engineers  and  scientists,  and  many  theories 
have  been  advanced  as  to  the  causes  of  the  terrible  effects  that  usually 
accompany  them. 

The  importance  of  having  an  accurate  knowledge  of  these  causes, 
from  the  standpoint  of  theoretical  science  as  well  as  of  practical  en- 
gineering, would  justify  a  much  greater  outlay  of  time  and  money 
than  has  hitherto  been  expended. 

Among  the  many  theories  advanced,  as  to  the  causes  of  boiler  ex- 
plosions, the  following  may  be  mentioned: 

1.  Excessive  steam  pressure. — There  can  be  no  doubt  that  in 
rare  cases  this  may  be  a  cause,  but  in  itself  would  not  be  sufficient  to 
produce  the  enormous  force  exhibited  in  the  majority  of  explosions. 

2.  Electrical  action. — Audrand  maintained  that  the  evaporation 
of  water  in  a  boiler  generated  electricity  and  under  such  con- 
ditions as  to  cause  an  explosion.  He  argued  that  the  electricity  might 
collect  on  the  brass  fittings  or  tubes,  in  much  the  same  manner  as  on  a 
Leyden  jar,  and  when  discharged,  cause  the  rupture  of  the  boiler. 

This  theory  apparently  overlooks  the  fact,  that  the  electricity 
which  may  possibly  become  free,  collects  on  the  surface  of  the  boiler 
which  is  never  insulated,  by  reason  of  the  connecting  steam  pipes, 
and  would  thus  be  led  off  from  the  boiler.  Besides,  it  is  not  proved 
that  electricity  itself  explodes. 

3.  Explosive  gases. — Some  years  ago,  Perkins  asserted  that  ex- 
plosions were  caused  by  the  decomposition  of  water  into  its  constitu- 
ent gases;  that  by  the  reunion  of  these  gases  or  by  the  hydrogen  com- 
bining with  any  available  air,  an  explosion  would  take  place  in  the 
same  manner  as  in  the  oxy-hydrogen  gun. 
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Another  explanation  was,  that  the  oil  which  is  returned  to  the 
boiler  from  the  engine  is  decomposed,  giving  off  hydrogen  which 
mixes  with  the  air  in  the  feed  water,  and  the  compound  fired  by  means 
of  electric  sparks  obtained  as  previously  stated. 

These  theories  were  overthrown  by  the  investigations  of  the  Com- 
mission, appointed  by  the  Franklin  Institute  of  Pennsylvania 
w^hich  demonstrated  that  water  contained  in  a  clean  boiler  heated 
red  hot,  is  not  decomposed;  also  by  Shafhalt  who  has  proved  that  one 
volume  of  oxy-hydrogen  mixed  with  seven-tenths  of  one  volume  of 
steam  vrill  not  explode. 

The  collection  of  carbonic  oxide  gas  in  the  boiler  flues,  when  the 
fires  are  banked,  and  its  explosion  when  mixed  with  air  has  been  ad- 
vanced by  some  as  a  theory,  but  it  is  very  improbable. 

4.  Spheroidal  state. — A  white  hot  metal  ball,  when  plunged  into 
soapy  water,  becomes  immediately  surrounded  by  vapor  and  produces 
no  hissing  sound;  but  when  this  vapor  disappears,  by  reason  of  the 
cooling  of  the  ball,  a  sudden  evolution  of  steam  takes  place. 

A  condition  similar  to  the  above  is  claimed  by  some  to  be  the 
cause  of  boiler  explosions,  and  the  lifting  of  the  water  from  the  heated 
surfaces,  allowing  them  to  become  more  highly  heated  has  been  known 
to  be  the  indirect  cause,  at  least,  of  some  explosions. 

Besides  the  above,  may  be  mentioned:  the  super-heated  water 
theory;  the  shock  theory;  the  wedge  theory  and  the  Donny  theory. 
The  last  contends  that  water,  when  deprived  of  air  b^-  any  means, 
can  be  heated  above  its  natural  boiling  point  and  has  thereby  an  ex- 
plosive tendency.    This  has  been  proved  to  be  a  very  unlikely  cause. 

The  last  theory  to  be  mentioned  is  one  which  is  generally  accepted 
as  the  most  probable;  namely,  that  of  the  stored  energv  in  the  steam 
and  water  due  to  high  pressure,  which  is  released  w^hen  the  pressure  is 
reduced.  If  this  be  brought  about  quickly,  as  by  the  sudden  opening 
of  the  steam  valve  or  any  collapse  of  fittings  or  flues,  by  which  the 
compressive  force  upon  the  water  in  the  boiler  is  diminished,  the  stored 
heat  due  to  previous  pressure  and  temperature  is  immediately  avail- 
able as  energy.  It  was  found  by  experiment,  that  a  locomotive  boiler 
at  a  pressure  of  58.2  lbs.,  gauge  pressure,  discharged  one-eighth  of  its 
contained  water   by  continuous  vaporization    when,  the  fire  being 
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drawn,  the  pressure  was  reduced  to  that  of  the  atmosphere.  If  the 
steam  so  formed  should  be  made  to  do  work,  being  expanded  down  to 
atmospheric  pressure,  it  has  been  found  by  calculation  that  the 
work  done  can  be  favorably  compared  with  that  of  exploding  gun 
powder,  and  that  the  destructive  energ\'  of  one  cubic  foot  of  water,  at 
a  temperature  which  produces  a  pressure  of  60  pounds  per  square 
inch,  is  equal  to  that  of  one  pound  of  gun  powder. 

It  is  seen  that  if  the  pressure  is  quickly  relieved  from  a  boiler, 
through  any  cause,  there  is  an  enormous  amount  of  energy  available, 
which  is  ample  to  explain  most,  if  not  all,  of  the  exhibitions  of  force 
in  boiler  explosions.  Note  the  following:  In  the  case  of  a  plain  cylin- 
drical boiler,  sslj  of  10  horse-power  at  100  pounds  gauge  pressure,  and 
under  ordinary  conditions,  the  amount  of  stored  energy  is  not  far 
from  47,281,900  foot  pounds  or  an  amount  sufficient  to  project  the 
boiler  over  four  miles.  Again,  a  plain  tubular  boiler  rated  at  60  horse- 
power and  carrying  75  lbs.  pressure,  under  ordinarv  conditions,  has 
51,031,500  foot  pounds  of  stored  energy  or  enough  to  project  the 
boiler  one  mile. 

An  instance  of  the  explosion  of  a  boiler  of  the  first  type  is  on  record, 
where  the  boiler  was  first  driven  through  a  16  inch  wall,  then  several 
hundred  feet  through  the  air,  cutting  off  an  elm  tree  nine  inches  in 
diameter  in  its  flight  and  partly  destroying  a  house.  Still  other  acci- 
dents attended  bj'  loss  of  life  and  great  destruction  of  property  might 
be  cited.  The  only  true  preventive  is  good  design  and  intelligent 
management. 
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ANGULAR    VALUE    OF    BUBBLE-TUBES    UNDER    DIFFERENT 

TEMPERATURES. 

J.  Jay  Haxkexson,  B.  C.  E. 

As  is  generally  known  all  bubble-tubes  have  a  slight  curvature  of 
the  inner  surface  of  the  tube,  and  upon  the  degree  of  this  curvature  de- 
pends the  angular  value  of  one  division  of  the  tube.  Any  change  in  the 
degree  of  this  curvature  from  whatever  cause  will  change  the  value  of 
a  sensitive  vial  therebj'-  rendering  it  useless  for  accurate  work. 

In  connection  with  the  U.  S.  C.  and  G.  Survey  work  of  Professor 
Hoag,it  was  found  that  the  vial  of  the  striding  level  on  Level  no.  3  did 
not  have  the  tabulated  angular  value  given  by  the  official  at  Washing- 
ton, and  upon  further  investigation  it  was  found  that  it  varied  with 
the  temperature  of  the  tube.  The  question  then  was:  Does  tempera- 
ture change  the  value  of  all  vials,  or,  is  it  due  only  to  the  mounting? 
As  it  was  a  government  instrument  we  could  not  examine  the  mounting 
of  the  vial. 

The  tube  was  sent  to  Washington  for  examination.  It  was  re 
turned  with  "cork  mounting,"  i.e.,\4al  placed  in  "Y"  and  held  in  place 
by  a  piece  of  cork  pressed  h\  a  light  spring  directly  on  the  tube  over  the 
Y.  This  gives  the  freest  mounting  obtainable.  The  tube  is  tabu- 
lated to  have  different  values  at  the  extremes  of  temperature. 

While  this  was  going  on  a  series  of  observations  was  made  on  a 
tube  from  the  University  transit  circle.  This  is  a  very  senitive  bubble- 
tube  and  is  very  uniform  in  its  curvature.  It  has  the  lightest  of  mount- 
ing, and  no  external  cause  can  affect  its  curvature;  any  change  must  come 
from  the  glass  itself.  The  observations  were  taken  at  temperatures 
ranging  from  19°  F.  to  85°  F.  The  time  ranged  through  four  months 
and  observations  .were  taken  under  as  many  conditions  of  detail  as 
possible  without  altering  the  accuracy-  of  results. 

The  level-trier  used  was  one  made  b\'  the  writer,  having  a  value  of 
3.882  seconds  of  arc  for  every  1-1000  of  an  inch  of  elevation  of  the  mi- 
crometer screw. 
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The  values  given  in  the  following  table  are  the  results  of  these 
observations,  254  in  number.  The  first  column  gives  the  temperature 
at  which  the  observations  were  taken,  the  second  the  number  of  obser- 
vations, and  the  third  the  average  number  of  divisions  through  which 
the  bubble  moved  for  everv^  1-1000  inch  elevation,  or  3.882  seconds  of 
arc  that  the  trier  moved.  The  mean  of  all  these  values  gives  1.7991 
seconds  of  arc  per  division  of  tube,  as  the  value  of  the  vial.  But  from 
an  investigation  of  these  results  it  is  found  that  the  residuals  are  both 
+  and  —  for  high  or  low  temperatures  and  vary  as  much  in  value  in 
either  direction.  Therefore,  there  is  no  indication  that  temperature 
aifects  the  curvature  of  the  vial.  Hence  we  conclude  that  changes  of 
curvature  due  to  temperature  must  come  from  direct  pressure  on  the 
vial  from  improper  mounting  and  not  from  the  glass  itself. 
AVERAGE  OF  ALL  THE  READINGS. 


Temperature 
in  degrees  F. 

Number  of 
readings. 

Average 
value. 

Residual. 

19 

8 

2.167 

-.0069 

20 

11 

2.1009 

-f.0595 

21 

3 

2.1886 

—  .02N0 

36.5 

4 

2.235 

-.0744 

48 

16 

2.1815 

—.0209 

49 

31 

2.11271 

+.0479 

49  5 

8 

2.1716 

-.0110 

50 

28 

2.1880 

-.0274 

62 

68 

2.08926 

+.0704 

69 

27 

2.1872 

—.0266 

69.5 

18 

2.13865 

+.0220 

70 

11 

2.2639 

-.1033 

70.5 

16 

2.08145 

+.0782 

71 

12 

2.08877 

+.0718 

81 

1 

2.2250 

-.0644 

84.5 

-      2 

2.2195 

—.0589 
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PIPING  FOR  STEAM  ENGINES. 

Wm.  a.  Pike,  B.  S.,  Lecturer  ia  Mechanical  Engineering. 

Some  recent  experience  of  the  writer  has  led  him  to  believe,  that  in 
the  matter  of  the  piping  between  engines  and  boilers  there  is  a  field  for 
investigation  and  experiment  which  has  not  been  fully  occupied.  The 
conclusion  that  he  has  been  forced  to  is,  that,  while  everj-  precaution 
is  often  taken  to  provide  the  best  form  of  engine  and  boiler  for  any 
given  plant,  verj'  little  attention  is  paid  to  the  piping  connecting  them, 
an  omission  which  he  believes  has  often  rendered  an  otherwise  well 
designed  plant  comparativeh'  inefficient. 

To  illustrate  this  point  an  example  will  be  taken  of  a  plant  con- 
sisting of  ten  Westinghouse  compound  engines  and  seven  Stirling 
boilers.  The  engines  were  16x27x16  inches,  making  250  revolutions  per 
minute  and  of  nominal  horse-power  at  a  gauge  pressure  of  140 
pounds.  The  steam  from  the  boilers  first  passed  to  a  drum  28  inches 
in  diameter  and  45  feet  long.  From  this  drum  were  8-inch  pipes  aver- 
aging, perhaps,  76  feet  long  with  5  rightangle  turns  in  each  pipe,  one 
pipe  for  each  engine. 

The  result  was  that  there  was  found  to  be  a  drop  of  pressure  be- 
tween boilers  and  engines  of  from  eight  to  twenty  and  averaging  four- 
teen pounds.  To  obtain  some  information  on  the  cause  of  this  drop, 
a  Thompson  indicator  with  an  80  pound  spring  was  placed  on  the 
steam  pipe  close  to  the  throttle  valve  of  one  of  the  engines.  The 
motion  given  to  the  drum  was  coincident  with  that  of  the  engine. 
Diagrams,  of  which  figures  1  and  2  are  copies,  were  obtained. 

On  studying  these  diagrams  it  was  seen  that  at  the  point  a,  cor- 
responding to  the  beginning  of  the  stroke  of  the  engine,  the  pressure 
was  about  the  same  as  in  the  boiler;  that  the  pressure  fell  off  very 
rapidl3'  as  the  engine  called  for  steam,  as  at  a  and  b,  and  remained 
nearh'  constant,  averaging  about  fourteen  pounds  below  boiler  press- 
ure until  cut-off  occurred  at  c.     From  this  point  the  pressure  rose 
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srraduallv,  until  at  the  end  of  the  stroke  d  it  was  considerably  above 
boiler  pressure.  From  this  point  the  pressure  fell  until  it  was  again 
at  about  boiler  pressure  at  a,  the  end  of  the  return  stroke.  If  the  en- 
gine was  not  heavily  loaded  the  return  line  would  cross  the  out  stroke 
line  as  in  figure  1,  or  if  heavily  loaded  would  make  an  open  figure  as 
in  figure  2.  It  is  evident  that  when  the  valve  opened  at  a  there  was  a 
sudden  demand  for  steam,  in  excess  of  the  capacity  of  the  pipe  to  sup- 
ph'.  The  steam  surged  back  and  forth  in  the  pipes,  because  it  was 
used,  perhaps  only  one  fourth  of  the  time  and  the  demand  was  then 
so  very  great.  The  result  naturally  would  be  that  the  steam,  being  in 
rapid  motion,  was  suddenly  stopped  when  cut-off  occurred,  causing  it 
to  rebound  and  tend  to  fly  back  in  the  pipe. 

Now,  it  is  just  as  impossible  for  steam  to  vibrate  back  and 
forth  in  a  pipe,  without  expenditure  of  energy,  as  it  is  for  any  solid 
body  to  do  the  same  thing.  Evidently  then,  a  certain  amount  of  the 
energ\'  of  the  steam  must  be  used  up  in  doing  this  work,  besides  the 
amount  necessary  to  overcome  the  friction  of  the  steam  on  the  pipe 
surfaces. 

It  will  also  be  noted,  that  as  the  engine  only  calls  for  steam  one 
quarter  of  the  time  (if  the  cut-off  is  one-half),  the  demand  on  the  pipe 
during  that  time  is  four  times  as  great  as  the  average  demand  during 
a  whole  revolution. 

Two  remedies  suggested  themselves,  viz: — either  largely  to  increase 
the  size  of  the  pipe,  thus  reducing  the  losses,  or  in  some  way  to  xnake 
the  draft  on  the  pipe  nearly  uniform.  The  latter  plan  was  thought  to 
be  the  better  and  an  experiment  made  to  ascertain  if  the  idea  were  cor- 
rect. The  plan  followed  w^as  to  place  a  receiver,  36  inches  in  diameter 
and  5  feet  long,  between  the  8-inch  pipe  and  one  of  the  engines;  this 
was  also  connected  through  an  intermediate  receiver  of  14-inch  pipe 
with  an  engine  on  either  side  of  the  one  above  referred  to.  It  will  be 
seen  that  the  object  was  to  feed  one,  two  or  three  engines,  through 
the  receiver  w^ith  one  eight-inch  pipe.  The  theory  was  that  the  re- 
ceiver, close  to  the  engines,  would  act  as  a  reservoir  and  cause  the 
flow  through  the  8-inch  pipe  to  be  practically  uniform. 

The  result  was  even  better  than  was  expected.  It  was  found  that 
with  one  engine  drawing  from  the  receiver,  the  drop  was  one  pound, 
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with  two  engines  a  trifle  under  two  pounds  and  with  three  engines 
about  five  pounds.  From  this  experiment  it  was  determined  that  one 
8-inch  pipe  would  feed  two  engines,  with  not  more  drop  than  is  con- 
sidered good  practice  and  that  with  three  engines  the  drop  would  be 
but  little  over  one-third  of  that  obtained  with  one  engine  drawing  di- 
rectly on  an  8-inch  pipe;  but  that  a  receiver,  of  ample  size,  as  close  as 
possible  to  the  engine  is  of  the  greatest  importance.  Experience  with 
other  plants  both  with  and  without  reservoir  space  has  shown  similar 
results. 

The  w^riter  is  of  the  opinion  that  considerable  more  care,  than 
usual,  could  be  given  to  the  method  of  piping  engines  with  a  percepti- 
ble effect  on  the  expense  of  steam  power. 

It  is  perhaps  of  interest  to  note,  that  the  plant  above  referred  to 
is  to  be  re-piped  with  a  receiver  close  to  each  engine,  the  receivers 
being  supplied  by  a  pipe  much  smaller  than  would  be  considered  ad- 
visable if  no  receivers  were  used. 
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AN  INVESTIGATION  OF  THE  CORLISS  DROP  CUT-OFF  MOTION. 

Ralph  P.  Feltox,  B.  M.  E. 

Abstract  of  thesis  presented  for  graduation. 

The  object  of  the  investigation  was  to  determine,  in  the  case  of 
various  Corliss  engines,  the  actual  time  which  elapsed  during  the  fall  of 
the  dash-pot  piston,  and  also  the  time  actually  consumed  in  cutting  oflf 
the  steam  at  the  admission  port. 

The  attainment  of  this  object  involved  the  use  of  a  graphical 
method,  capable  of  analyzing  the  action  of  the  dash-pot  piston,  and 
also  furnishing  the  means  for  ascertaining  the  following  additional 
points  of  interest : 

The  relative  velocity  of  the  engine  valve  and  dash-pot  piston  at 
point  of  cut-off. 

The  nature  of  the  drop  motion,  (f.e.)  whether  or  not  it  is  uniformly 
accelerated. 

The  relative  speed  of  the  upward  and  downward  movement  of  the 
dash-pot  piston. 

The  actual  loss  of  work  due  to  not  having  a  theoretically  perfect 
cut-off. 

B3'  means  of  an  ingenious  device,  the  motions  of  the  valve  and 
dash-pot  piston  were  recorded  on  the  drum  of  a  Thomson  indicator. 

It  was  found  that  the  time  required  for  the  dash-pot  piston  to  fall, 
varied  from  .08  to  .12  of  a  second. 

Velocity  of  dash-pot  piston  at  point  of  cut-off  was  7.2  to  8  feet 
per  second. 

The  time  required  for  closure  of  steam  port  from  maximum  open- 
ing varied  from  .03  to  .04  of  a  second. 

Velocity  of  valve  at  point  of  cut-off  was  1.3  to  1.7  feet  per  second. 

Relative  velocity  of  valve  and  dash-pot  piston  was  about  5.5. 

The  average  time  of  ascent  of  dash-pot  piston  was  .15  of  a  second. 
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Relative  velocity  of  upward  and  downward  movements  was  in  the 
ratio  of  one  to  tw^o. 

The  drop  motion  is  uniformly  accelerated. , 

Loss  of  work  due  to  not  having  a  theoretically  perfect  cut-off, 
varied  from  .3  to  1.2  of  one  per  cent. 
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PRECISE  LEVELING. 

Wm.  R.  Hoag,  C.  E.,  Professor  of  Civil  Engineering. 

The  instruments  and  methods  employed  in  determining  horizontal 
distance  and  direction  for  ordinary  land  and  railway  surve3's  are 
inadequate  for  the  solution  of  the  same  problems  when  conducted  on  a 
continental  scale.  So,  too,  in  the  determination  of  differences  of 
altitude,  the  engineer's  level  is  not  suitable  when  an  extended 
s^'stem  of  levels  is  to  be  established  covering  a  large  area.  In 
the  first  class  of  problems,  the  surveyor's  chain  and  magnetic  com- 
pass, and  the  engineer's  tape  and  solar  compass  are  used  each  for  the 
different  grades  of  work,  giving  an  accuracy  of  1  in  300  to  1  in  3,000 
with  the  chain  and  of  1  in  2,000  to  1  in  20,000  with  the  tape  for  linear 
measurement;  of  5  to  15  minutes  with  the  magnetic  compass  and  1  to 
5  minutes  with  the  solar  compass  for  direction ;  and  from  30  seconds 
to  3  minutes  with  the  engineer's  transit  in  simple  angular  measure- 
ment. 

A  continental  survey  demands  in  linear  measurement  a  probable 
error  ranging  between  1  in  100,000  to  1  in  1,000,000,  and  angles 
known  within  1  to  5  seconds  of  their  true  value;  with  astronomical 
latitude,  longitude  and  azimuth  from  1-10  to  1  second  of  true  value. 
About  this  same  range  in  desirable  accuracj-  obtains  with  altitude  de- 
terminations from  the  rudest  hypsometrical  measures  to  the  most  re- 
fined precise  leveling.  With  ordinary  leveling  0.05  feet  distance  in 
miles  represents  the  probable  error  for  good  work,  but  in  precise  level- 
ing 0.005  feet  distance  in  miles  is  not  uncommon.  While  in  precise 
leveling  the  two  principal  sources  of  error  are  theoretically  allowed 
full  correction  through  instrumental  manipulation,  all  experience  goes 
to  show  that  the  sources  of  error  are  so  many  and  varied  that  the 
greatest  care  as  to  everj'^  detail  is  necessary-  to  make  the  results 
satisfactory. 

It  is  not  intended  in  this  article  to  give  a  complete  account  of  the 
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method  of  running  precise  levels  or  even  to  discuss  systematically  the 
various  sources  of  error  to  which  precise  leveling  is  exposed,  but  rather 
to  touch  upon  some  of  these  errors  and  point  out  possible  remedies 
which  have  been  suggested  to  the  writer  during  the  past  two  seasons 
while  using  a  precise  level,  of  the  Kern  type,  belonging  to  the  U.  S, 
Coast  and  Geodetic  Survey. 

The  precise  level  differs  from  the  engineer's  level  in  three  essential 
details;  first,  the  bubble  is  mounted  in  a  striding  level  which  rides  the 
collars  of  the  telescope  and  is  readily  detachable.  Second,  the  barrel  of 
the  telescope  is  provided  with  stops  to  enable  it  to  be  turned  in  the 
vvj'cs  just  a  half  circumference.  Third,  one  of  the  wj'cs  is  provided  with 
a  vertical  motion,  the  amount  of  such  motion  being  measured  by  the 
actuating  micrometer  screw.  Among  the  details  of  minor  difference 
from  the  ordinarj^  level,  might  be  mentioned  a  broad  stand  with  rigidly- 
braced  tripod  legs;  three  leveling  screws;  a  means  of  lifting  the  telescope 
free  of  its  bearings  on  the  wj^es;  a  high  power  inverting  telescope;  a 
bubble  having  a  radius  of  about  500  feet;  a  small  mirror  for  reading 
the  position  of  the  bubble,  and  two  screens,  one  to  protect  the  instru- 
ment against  the  direct  rays  of  the  sun,  and  the  other,  against  wind. 

The  level-rods,  usually  two  in  number,  are  provided  with  a  watch 
level  to  aid  in  plumbing;  with  a  thermometer  to  indicate  the  tempera- 
ture of  the  metal  scale  of  the  rod,  and  with  a  foot-plate  into  which  the 
shoe  at  the  lower  end  of  the  rod  fits  while  being  sighted  upon, 

Emplo^'ing  a  target-rod,  the  usual  practice  w^ith  the  Coast  and 
Geodetic  Survey  is  to  have  the  rodman  fix  the  target  as  near  as  con- 
venient to  the  horizontal  wire  with  the  bubble  near  the  center,  then 
determine  the  small  angle  of  the  elevation  or  depression  which  the  line 
through  the  center  of  the  telescope  and  the  target  makes  with  an  hori- 
zontal line  at  the  instrument.  It  is  the  manner  of  measuring  this  angle 
to  which  we  wish  to  call  attention.  The  method  being  to  determine  it 
in  terms  of  the  micrometer  screw,  by  employing  the  latter  in  causing 
the  telescope  to  move  through  the  vertical  angle  as  defined  by  the  hori- 
zontal wire  and  center  of  target  for  one  limit,  and  the  horizontal  plane 
or  "horizon"  as  it  is  called,  as  indicated  by  bringing  the  bubble  to 
center  or  to  an  adopted  division  for  the  other  limit.  By  taking  the 
telescope  in  erect  and  inverted  positions  and  the  striding  level  in  direct 
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and  reversed  positions,  the  ordinary  collimation  and  level  errors  are 
eliminated. 

An  examination  of  the  record  of  a  month's  work  shows  ten  ex- 
tremes of  the  two  micrometer  values  for  the  horizon  which  should  in 
theory  agree,  very  rareh'  to  exceed  9  seconds  or  about  4  millimeters 
in  a  hundred  meters,  while  their  corresponding  extremes  on  target  are 
but  three  seconds  or  a  little  over  1  millimeter  per  100  meters. 

It  thus  appears  that  we  are  taking  the  same  number  of  pointings 
on  two  objects  to  fix  their  angle  of  divergence  when,  from  some  cause, 
the  pointings  on  the  one  are  exposed  to  errors  three  times  as  large  as 
on  the  other.  Economy  would  suggest  that  more  time  be  devoted 
to  determination  of  horizon  and  less  time  to  target,  or  some  improve- 
ment be  made  in  the  method  of  determining  horizon.  The  plan  of  tak- 
ing two  or  more  readings  for  horizon  to  one  for  target  has  been  tried 
by  the  author  with  varying  degrees  of  success.  The  objection,  in 
theory,  being  that  the  repetitions  are  not  independent  determinations 
and  hence  are  likely  to  repeat  all  errors  with  the  same  signs.  In  prac- 
tice it  appears  that  no  considerable  increase  in  accuracy  is  insured  by^ 
multiple  horizons. 

The  following  plan  devised  by  the  author  and  hitherto  untried  so 
far  as  known  to  him,  it  is  believed  will  greatly  reduce  the  unreliability 
of  the  horizon  pointing.  Instead  of  attempting  to  bring  the  bubble 
to  center  or  adopted  division, — the  former  is  much  more  difficult  than 
the  latter  and  possesses  no  real  advantage  with  ordinar\'  care  to 
maintaining  a  constant  length  of  bubble — allow  the  bubble  to  settle, 
with  the  last  movement  in  an  adopted  direction,  near  the  ^center'  or 
^adopted  division'  and  either  record  its  position  or  with  an  equiva- 
lent scale  along  the  bubble  tube  expressing  divisions  of  micrometer 
•screw,  read  off,  and  apply  the  correction  to  micrometer  at  the  time. 
This  addition  to  or  substraction  from  the  micrometer  reading,  to  re- 
duce it  to  micrometer  bubble-center,  would  be  aided  instrumentally  by 
replacing  the  ordinarj--  index  mark,  emplo^-ed  in  reading  the  microme- 
ter head,  by  a  scale,  the  zero  of  which  should  correspond  with  the  index 
mark  and  should  extend  both  ways  around  the  graduated  head  of  the 
micrometer  screw. 

If  the  position  of  the  bubble  be  on  the  minus  side  of  center  3.5 
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divisions,  the  micrometer  screw  would  be  read  for  that  graduation 
coming  opposite  the  3.5  division  on  the  minus  side  of  the  screw  or  in- 
dex mark.  The  particular  points  of  advantage  being,  that  the  bub- 
ble's last  movement  is  to  be  an  adopted  direction,  which  on  account 
of  adhesion  and  friction  between  the  glass  and  the  ether  is  not  to  be 
neglected,  and  that  the  time  usually  consumed,  in  vainly  trying  to 
bring  the  bubble  to  center,  can  be  given  in  allowing  the  bubble  to  seek 
its  true  static  position,  which  with  the  proper  reduction  scales,  gives 
the  true  micrometer  reading  for  a  static  horizon. 

Except  for  employing  target  sights  considerably  inclined,  which 
expedites  matters  very  little  on  uneven  ground  unless  considerable  mi- 
crometer screw  be  used  and  is  not  to  be  employed  in  w^ork  of 
high  precision,  it  is  believed  that  a  bubble  tube  of  sufficient  length  and 
regularity  could  be  constructed  wholly  to  displace  the  micrometer 
screw. 

A  bubble  tube  with  a  range  of  20  divisions  of  2  inches  value  each, 
not  an  unusual  length  for  tubes  of  this  precision,  would  furnish  a  ca- 
pacity in  vertical  reach  of  20  millimeters  at  a  distance  of  100  meters  or 
5  millimeters  at  25  meters  and  little  difficulty  would  be  found  in  get- 
ting the  target  quickly  fixed  within  these  limits. 


Turnouts  from  Railway  Curves.  39 


TURNOUTS  FROM  RAILWAY  CURVES. 
Noah  Johnson,  '94, 

It  is  the  purpose  of  this  paper  to  discuss  and  point  out  the  impor- 
tant relations  between  the  rate  of  curvature  of  a  turnout  from  a 
curved  track  and  the  rate  of  curvature  of  the  track  itself. 

In  figures  I.,  II.  and  III.,  let  D  C  =  g  =  gauge;  D  B  =  d  =  switch 
throw ;  angle  D  A  B  =  S  =  switch  angle,  and  angle  G  F  M  =  F  = 
frog  angle. 

Presuming  that  these  are  the  same  in  all  three  cases,  let  us  first 
find  the  value  of  the  line  B  F,  the  distance  from  the  end  of  the  switched 
rail  to  the  frog,  in  each  case.  In  Fig.  I.,  since  F  K  and  D  H  are  per- 
pendicular to  F  G,  and  E  F  is  perpendicular  toFM,  CLF  =  EFK  = 
G  F  M  =  F.  In  the  right  angled  triangle  B  F  C,  B  F  =  B  C  ^  sin  B 
F  C.  But  B  C  =  g  -  d  and  B  F  C  =  90°  -  (90°  -  Vo  B  E  F  -  S)  = 
%  B  E  F  +  S.  But  ^2  B  E  F  =  V2  (F  -  S),  therefore  B  F  C  =  1/2  (F  + 
S) .    Substituting  the  values  of  B  C  and  B  F  C,  we  have 

■op  (g — d)  (  1  \ 

^  ^  sin  1^  (F  +  S)  ^       ^ 

In  Fig.  II.,  calling  B  K  F  =  K  and  E  F  K  =  F,  we  have  in  the  tri- 
angle B  F  C,  B  F  =  ?-?-^^|^.  But  B  C  =  g  -  d  and  B  C  F  =  90° 
+  V2  K,  or  sin  B  C  F  =  cos  y2  K.  Now  BFK  =  KFC  +  BFC  and 
FBK  =  KCF-BFC  =  KFC-BFC,  then  BFK-FBK  = 
2  B  F  C.  But  BFK-FBK  =  F-fS,  therefore  2BFC  =  F  +  S, 
or  B  F  C  =  V2  (F  4-  S).    Substituting  these  values  we  have, 

■D  -p  (g  — d)  cos^aK  f  n\ 

^  ^  sin  1/3  (F  +  S)    •  ^^  f 

In  the  same  manner  it  can  be  shown  that  in  Fig.  III.,  B  F  = 
^f~^\p^y.  (3).  Since  V2  K  is  always  very  small  for  all  ordinary 
railroad  curves,  cos  ^4  K  may  be  called  unity,  in  which  case  B  K  will 
have  the  same  value  for  any  ordinary-  curve  as  it  has  for  a  straight 
line  of  track,  that  is  to  say,  it  is  a  constant  as  long  as  F,  S,  g  and  d 
remain  the  same.  Now  in  Figs.  II.  and  III.,  F  H  and  O  B,  being  very 
small,  compared  with  B  F  and  O  H  and  the  angle  K  being  also  very 
small,  B  F  is  but  slightlv  greater  than  O  H.    But  B  F  is  also  seen  to 
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be  slightly  greater  than  X  P,  therefore  we  assume  that  O  H  =  N  P, 
practically. 

Now  let  d  =  (F  —  S)  jTp  =  the  degree  of  curvature  of  a  turnout 
from  a  straight  track,  also  let  d  2  =  K  ^  =  the  degree  of  curvature  of 
a  main  line  of  track  from  which  a  turnout  is  to  be  made. 

Let  dg  =  B EF  ^  =  [  (F  -  S)  +  K]  ^  =  the  degree  of  curvature 
of  the  turnout  in  Fig.  II. 

Let  di  =  B EF  ^  =  [  (F  -  S)  -  K]  ^  =  the  degree  of  curvature 
of  the  turnout  in  Fig.  III. 

Now  (F  -  S)  ^  +  K  ^  =.  [  (F  -  S)  +  K]  ^ .  (4) 

and  (F  -  S)  ^  -  K  ^  -  [  (F  -  S)  -  K]  ^  .  (5) 

Therefore  da  =  di  +  d2  (6),  and  di  =  dj  —  do .  (7) 

Thus  equations  (6)  and  (7)  show  the  desired  relations,  viz. :  That 
the  degree  of  curvature,  of  a  turnout  on  the  inside  of  a  curved  track, 
is  equal  to  the  degree  of  curv^ature  of  a  turnout  from  a  straight  track, 
plus  the  degree  of  curvature  of  the  main  track ;  also  that  the  degree 
of  curvature  of  a  turnout  on  the  outside  of  a  curved  track  is  equal  to 
the  degree  of  curvature  of  a  turnout  from  a  straight  track,  minus  the 
degree  of  curvature  of  the  main  track.  If  this  last  quantity-  comes  out 
plus,  it  is  a  curve  of  the  opposite  direction  from  the  main  track.  If  it 
comes  out  minus,  the  curve  is  in  the  same  direction  as  the  main  track. 

It  is  obvious  that  the  same  rule  holds  good  in  split-toe  switches. 

Now,  from  the  nature  of  the  assumptions  which  have  been  made 
it  is  evident  that  the  less  the  rate  of  curvature  of  the  main  track,  the 
more  nearlj^  will  the  results  obtained  correspond  to  those  obtained  by 
the  stricMy  analytical  methods.  Taking  therefore  an  extreme  case, 
and  solving  for  a  turnout  from  a  15°  main  track  curve  by  the  two 
methods,  letting  F  =  7°,  S  =  1°  20',  g  ^  4.7  ft.,  d  =  .42  ft.,  we  find 
the  degree  of  curvature  to  be  as  follows : 

Fig.  II.  Fig.  III. 

Analytical  method,        24°  46'  5°  14' 

Short  method,  24°  40'  5°  20' 

Thus  we  see  that  for  this  extreme  case  there  is  a  discrepancy  of  only 
6 '  or  less  than  .7%  of  the  curvature  of  the  main  track.  Remembering 
that  the  degree  of  curvature  of  most  tracks  is  very  much  less  than 
15°,  this  short  rule  may  be  said  to  be  perfecth^  applicable  for  all  prac- 
tical work,  where  only  the  ordinary  degree  of  accuracy  is  called  for. 
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THE  COURSE  IN  CHEMISTRY  IN  THE  COLLEGE  OF  ENGIN- 
EERING, METALLURGY  AND  THE  MECHANIC  ARTS. 

James  A.  Dodge,  Ph.  D.,  Professor  of  Chemistry. 

This  course  is  planned  and  offered  to  enable  students  who  expect 
to  make  chemistrj^  a  profession  or  business,  to  acquire  the  training  in 
and  knowledge  of  the  subject  which  only  several  years  of  study,  with 
good  facilities,  can  give.  Although  numerous  subjects  besides  chem- 
istry are  included — the  higher  mathematics  for  example — putting  this 
course  on  a  parallel  with  regular  engineering  courses,  yet  it  is  designed 
to  require  as  its  essential  feature  the  detailed  study  of  applied 
chemistry.  This  study  must  involve  a  large  amount  of  time  devoted 
to  analytical  chemistry,  and  to  this  are  given  about  nine  terms  of 
work.  Lectures  on  inorganic  and  organic  industrial  chemistry 
are  given  during  several  terms.  The  lectures  are  illustrated  with 
specimens  of  crude  materials  and  finished  products.  Opportunity  is 
afforded  for  individual  laboratory  practice  on  these  materials,  and 
facilities  are  provided  for  the  investigation  of  such  special  problems  in 
applied  chemistry  as  promise  to  lead  to  results  of  interest  and  value. 

It  is  evident  that  the  future  managers  of  chemical  works,  the 
makers  of  acids,  alkalies,  phosphates,  mordants,  colors,  etc.;  the 
refiners  of  oils  and  sugars,  etc.;  the  chemists  of  iron  and  steel  works; 
the  chemists  of  railway  companies  and  mining  companies;  the  chemists 
of  public  boards  of  health,  can  only  be  well  prepared  for  their  several 
callings  and  engagements  by  a  thorough  and  systematic  study  of  the 
several  branches  of  chemistry  successively  to  the  most  advanced. 
Such  a  study  must  necessarily  extend  over  a  considerable  length  of 
time,  and  be  pursued  at  an  institution  able  to  furnish  the  facilities  of  a 
laboratorj^  a  museum  and  a  suitable  library.  The  course  in  applied 
chemistry  here  offered,  developed  as  it  will  be  from  year  to  year,  will 
meet  a  national  as  well  as  a  local  demand  for  such  facilities  and 
opportunities. 
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TECHNICAL    EDUCATION    AND    ITS    RELATIONS     TO  '  THE 
MINING   AND    METALLURGICAL   INTERESTS 
OF  MINNESOTA. 

William  R.  Appleby,  B.  A.,  Professor  of  Minings  and  Metallurgy. 
Note  of  an  address  delivered  before  the  Society  of  Engineers,  Nov.  19th,  1892. 

The  demand  for  an  immediately  practical  course  of  training  bj'  the 
young  men  of  the  state  was  considered  in  the  introductory  words  of 
the  address.  The  possibility^  of  satisfying  such  a  demand  was  shown 
to  lie  in  the  proper  establishment  of  technical  courses  that  should  be 
easy  of  access  and  fully  equipped  for  all  varieties  of  work.  With  the 
indecision  concerning  a  profession  that  is  so  commonly  found  in  young 
men  beginning  their  education,  there  is  special  need  that  the  differences 
between  scientific  courses  and  technical  courses  should  be  made  appar- 
ent to  them.  While  man3'  men  are  led  into  the  scientific  courses  by 
their  beHef  that  the  word  "science"  is  a  s\'nonym  for  practice,  the  result 
of  such  courses  is  not  always  what  they  had  been  led  to  expect  and 
they  find  that  their  training  has  been  in  pure  rather  than  in  applied  sci- 
entific work.  For  those  that  desire  at  once  to  become  inducted  into 
applied  work  the  technical  courses  are  provided.  A  scientific  educa- 
tion is,  then,  defined  as  one  that  trains  a  man  in  the  investigation  of 
principles  for  the  sake  of  knowledge,  while  technical  education  trains 
him  in  the  investigation  of  these  principles,  but  with  the  application 
of  them  held  uppermost  as  the  important  end  in  view.  A  technical 
education  is  therefore  both  a  science  and  an  art  education.  While 
science  teaches  one  to  know^,  art  teaches  one  to  do,  and  the  meaning  of 
a  technical  education  becomes  plain. 

Manual  training  is  shown  to  be  not  necessarih'  a  technical  educa- 
tion for  it  trains  onlx-  the  mechanic  while  the  true  technical  education 
trains  the  mechanical  engineer.  That  the  engineer  is,  in  his  proper 
comprehension,  a  man  of  ideas  and  not  merely  of  things  was  then 
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pointed  out,  with  much  care  to  make  the  distinction  a  clear  one.  The 
final  definition  of  an  engineer  selected  was  as  follows: — "An  engineer  is 
"a  man  w^ho  follows  avocation  in  which  a  professed  knowledge  of  some 
"departments  of  science  or  learning  is  used  by  its  practical  application 
"either  in  advising,  guiding  or  originating  in  the  practice  of  an  art 
"founded  on  it." 

The  place  of  the  laboratory  was  then  discussed  and  it  was  shown 
what,  and  how  much  importance  must  be  laid  to  the  instruction  that 
one  receives  in  the  laboratory  over  and  against  that  which  one  receives 
in  the  field. 

After  a  brief  exhibition  of  the  important  function  of  the  engineer  in 
the  civilization  of  the  day  the  foundation  of  the  school  of  mining  and 
metallurgy  was  indicated  and  its  place  in  the  development  of  the  re- 
sources of  the  state.  In  closing  a  summary  of  the  mining  industries 
already  established  in  Minnesota  was  given  and  the  great  importance 
of  the  iron  deposits  discussed  soiyewhat  at  length.  It  was  shown  that 
Minnesota  is  already  fourth  or  fifth  in  the  order  of  iron  producing 
states  and  the  magnitude  of  business  is  indicated  both  by  the  tonnage 
of  ore  exported  and  the  capitalization  of  the  companies  concerned  in 
mining.  To  develop  this  most  important  property  would  demand  the 
scientific  attention  of  many  expert  men  and  the  need  for  just  such  men 
was  one  of  the  reasons  for  the  existence  of  the  School  of  Mining  and 
Metallurg3\ 

The  address  closed  with  a  statement  of  the  commercial  position  of 
Minneapolis  as  a  center  for  smelting  works  and  its  relation  with  the 
properties  west  of  it.  The  profession  of  the  mining  engineer  was 
shown  to  be  an  important  one  for  the  state  at  this  time.  The  hour 
demanded  the  men,  and  they  must  be  furnished  if  possible  from  among 
the  sons  of  the  state  itself  rather  than  from  abroad. 
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THE  ELECTRICAL  ENGINEER  AND  HIS  WORK. 

Geo.  D.  Shepardsox,  M.  E.,  Professor  of  Electrical  Engineering. 

The  rapid  growth  of  electrical  industries  has  attracted  the  atten- 
tion of  a  largQ  number  of  men  who  look  to  it  as  a  means  of  earning  a 
living,  and  in  manv-  cases  w4th  a  fond  hope  that  it  may  prove  a  source 
of  wealth.  This  is  indicated  b\'  the  fact  that  electrical  manufacturers 
have  on  their  books  "for  future  reference,"  applications b\' the  hundred 
from  men  and  bo^'s  of  all  ages  and  qualifications.  Indeed,  so  great  is 
the  supply  of  learners  that  it  is  hard  for  a  beginner  to  secure  a  situa- 
tion even  for  nominal  wages. 

It  is  also  seen  in  the  increase  of  the  number  of  college  students  look- 
ing forward  to  electrical  engineering  as  a  life  work.  Five  \-ears  ago  the 
institutions  offering  courses  in  electrical  engineering  might  be  numbered 
on  the  fingers  of  one  hand;  now  they  are  counted  bA'  scores.  The 
growth  of  the  work  is  illustrated  by  the  fact  that  in  1884  there  were 
28  students  in  the  electrical  engineering  course  at  Cornell  university; 
w^hile  in  1892  the  number  had  grown  to  275,  In  the  schools  offering 
i  a  course  in  electrical  engineering  a  tendency  exists  for  students  to 

*  crowd  into  that  course.      In  the  University-  of  Minnesota    half  the 

freshmen  in  the  College  of  Engineering,  Metallurgy-  and  the  Mechanic 
Arts  are  registered  for  the  electrical  engineering  course. 

There  must  come  a  reaction  from  this  tendency,  for  there  are  equally 
great  opportunities  in  other  lines  of  engineering.  Indeed,  the  work  of 
most  "electrical  engineers"  is  largeh-  something  else  w-ith  a  little 
electrical  work  added. 

The  supply  of  beginners  is  greater  than  the  demand.  Many  of 
these  students  who  rush  into  the  electrical  course,  are  utterly  unfitted 
to  become  engineers,  having  neither  the  abihty,  perseverance  nor  genius. 
Some  have  the  idea  that  if  they  are  too  lazy  to  be  farmers,  too  slow 
and  dull  to  be  successful  in  business  life,  or  have  not  had  and  will  not 
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get  education  and  culture  enough  to  follow  a  so-called  learned  profes- 
sion, the  J  will  become  engineers.  They  may  succeed  in  becoming 
threshing-machine  engineers,  but  they  would  better  save  the  time  and 
money  spent  in  trying  to  become  what  they  were  never  intended  to  be. 
Engineering  involves  a  long  and  thorough  training.  One  must  have  a 
taste  and  a  talent  in  that  direction;  must  possess  the  ability  to  perform 
a  great  deal  of  hard  and  unromantic  work,  often  for  twenty-four  or 
even  sixty  hours  at  a  stretch;  carry  heavy  responsibility;  control  men 
and  manage  work;  do  the  work  of  three  men  at  once  when  necessary, 
and  be  "up  early  and  always  at  it." 

The  causes  of  this  movement  into  electrical  work  are  several.  Per- 
haps foremost  is  the  idea  that  electricity  can  do  everything;  therefore, 
the  electrician  can  do  everything  and  build  up  an  enormous  fortune. 

It  is  true  that  some  electricians  have  built  up  great  fortunes  and 
many  are  doing  it  to-day.  Electricity  is  being  used  in  nearly  every  line 
of  industry  and  electrical  processes  or  methods  are  rapidly  displacing 
others  on  account  of  superior  adaptability,  efficiency  and  economy. 
The  capitalist  here  finds  safe  and  profitable  investment,  the  inventor 
and  engineer  find  ever- widening  and  attractive  fields  of  labor.  Many 
inventors  in  electrical  lines  as  in  others  die  poor.  To  be  merely  an  elec- 
trician or  merely  a  great  inventor  does  not  insure  financial  success. 
The  men  who  grow  rich  in  this  field  are  of  two  classes;  the  sagacious 
ones  with  little  or  no  electrical  knowledge  of  their  own,  but  with  much 
knowledge  of  men  and  market,  keen  foresight  and  wide-awake  business 
ability;  and  those  who  combine  inventive  genius  and  extensive  knowl- 
edge of  electricity  in  theory  and  practice,  with  more  or  less  of  the  above 
endowments. 

Such  men  would  grow  rich  in  almost  any  field  of  activit}^  Aside 
from  dollars  and  cents  there  is  a  peculiar  fascination  in  the  study  of 
electricity  and  a  pleasure  that  comes  merely  from  experimenting  with 
the  unseen  but  not  always  unfelt  force.  There  is  a  certain  satisfaction 
in  being  informed  upon  this  wonderful  form  of  energy.  The  great 
variety  of  phenomena  offered  is  an  unending  source  of  interest.  Many 
new  phenomena  are  being  discovered  and  new  applications  are  continu- 
ally being  made.  There  is  always  open  to  the  intelligent,  inquisitive 
and  reflective  student  the  possibility  of  making  new  discoveries  of 
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greater  or  less  importance.  The  latter,  aside  from  financial  possibili- 
ties, is  indirectly  a  great  attraction  to  the  class  of  people  whose  highest 
object  in  life  is  to  make  themselves  useful  to  others  and  to  make  this 
world  a  better  place  to  live  in.  Which  of  these  reasons  is  the  most 
potent  depends  upon  the  individual. 

Electricity  is  entering  into  modern  life  in  so  many  different  ways 
that  an  infinite  variety  of  positions  require  more  or  less  thorough 
knowledge  of  electricity.  The  variety  is  so  great  and  shading  from 
one  class  to  another  is  so  gradual  that  it  is  impossible  to  make  any 
hard  and  fast  classification.  Comparatively  few  positions  require 
simply  electrical  knowledge.  Standardizing  bureaus  for  calibrating 
instruments,  testing  apparatus;  questions  of  theory,  many  lines 
of  investigation,  and  some  lines  of  invention  might  be  classed  as  pure- 
ly electrical,  but  as  a  general  rule  each  one  of  these  lines  of  work  in- 
volves more  or  less  thorough  knowledge  of  chemistry,  mechanical  en- 
gineering and  business  methods. 

One  might  djvide  electrical  workers  into  two  classes,  the  first  embrac- 
ing those  who  manufacture  (this  includes  design,  construction,  testing 
and  repair),  and  install  or  operate  electrical  apparatus.  The 
second  class  includes  a  large  number  of  people  who  have  to  do  w^ith 
electricity  onh'  in  the  abstract  or  indirect^,  such  as  capitalists,  pro- 
moters, patent  attorney's,  lawyers,  editors,  writers  and  teachers.  The 
latter  class  is  one  of  great  importance.  Electrical  developments  would 
be  slow,  indeed,  without  the  help  of  capitalists.  This  assistance 
would  be  slow  to  come  were  it  not  for  the  useful  work  of  the  promoter 
or  middleman.  Much  mone\"  has  been  wasted  and  injun,'  done  to  the 
reputation  of  legitimate  electrical  enterprise  by  the  wildcat  speculation 
and  cut-throat  competition  brought  about  by  the  zeal  of  unwise  or 
dishonest  schemers.  It  is  a  remarkable  fact  that  the  man  who 
would  not  for  a  moment  think  of  cutting  for  himself  a  $2;00  vest  • 
would  not  hesitate  to  rely  upon  his  owm  judgment  when  considering 
the  investment  of  thousands  of  dollars  in  some  electrical  scheme  of 
which  he  knew  nothing,  except  the  representations  and  promises  of  an 
interested  agent.  In  the  earh'  days  there  were  no  experienced  engin- 
eers except  those  in  the  employ  of  the  large  companies.  Man\''  of  these 
have  graduated  from  the  companies  in  the  last  few  years,  and  are  in 
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business  for  themselves  as  disinterested  and  well-qualified  consulting 
engineers.  Capitalists  are  learning  to  make  proper  use  of  the  exper- 
ience of  others,  to  the  mutual  advantage  of  themselves  and  the 
engineers. 

The  rapid  growth  and  differentiation  of  electrical  industries  is 
accompanied  by  a  corresponding  development  of  the  technical  press. 
Many  papers  find  a  wide  circulation,  some  of  them  devoting  them- 
selves to  particular  lines.  Nearly  all  of  the  engineering  papers  have 
electrical  departments,  and  the  day  seems  not  far  distant  when  the 
great  daily  and  weekly  newspapers  will  employ  electrical  or  engineer- 
ing editors,  or  at  least  reporters  who  are  intelligent  on  electrical  sub- 
jects. A  good  demand  exists  for  well-written  articles  treating  of  elec- 
trical matters  in  a  popular  st34e.  In  many  cases  it  is  true  the  men 
who  are  capable  of  writing  correctl3^  are  too  busj'-  to  write,  and  those 
who  do  write  are  only  partially  informed. 

There  seems  to  be  a  steady  demand  for  good  teachers  in  electrical 
engineering.  Such  a  position  requires  considerable  experience  in  vari- 
ous lines  of  commercial  practice,  combined  with  a  thorough  education 
and  a  willingness  to  work.  It  is  an  accepted  fact  that  men  who  are 
competent  to  fill  such  positions  obtain  at  least  twice  as  large  salaries 
when  the  same  ability  and  energy  are  applied  in  commercial  work. 
An  editorial  in  a  leading  electrical  paper  says: — "It  would  seem  as  if 
"technical  education  of  an  engineering  nature,  owing  to  its  importance 
"in  the  industrial  world,  demands  the  employment  of  the  best  men 
"obtainable,  and  if  our  leading  universities  expect  to  obtain  these  men 
"they  must  offer  them  such  inducements  that  positions  of  this  kind 
"will  be  chosen  in  preference  to  commercial  work."  As  a  matter  of 
fact  there  were  more  than  a  dozen  vacancies  of  this  kind  last  Septem- 
ber and  some  of  them  are  still  begging.  The  comparatively  small  sal- 
aries for  this  class  of  work  are  partially  compensated  hj  the  oppor- 
tunity^ for  study  and  original  investigation,  the  cultured  societj'-  and 
other  advantages  that  cluster  about  an  educational  center.  Not  the 
least  is  the  satisfaction  that  comes  from  helping  others.  Electrical 
business  is  becoming  so  complicated  that  a  growing  number  of  law- 
yers are  devoting  their  entire  attention  to  obtaining  electrical  patents. 
For  such  a  position  an  extensive  knowledge  of  all  sciences  is  desirable. 
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After  completing  a  scientific  or  technical  course  and  a  law  course,  the 
preparation  sought  by  many  patent  solicitors  is  to  spend  some  years 
in  the  U.  S.  Patent  Office  as  examiners,  The  government  holds  exami- 
nations at  stated  times  and  places  for  the  purpose  of  examining  candi- 
dates for  these  positions.  The  salaries  are  fair  and  the  work  is  an  ex- 
cellent preparation  for  those  who  expect  to  become  patent  lawyers. 

Closely  allied  to  these  are  what  might  be  called  electrical  lawyers, 
who  make  a  specialty  of  electrical  cases.  It  is  a  deplorable  fact  that  a 
large  part  of  the  mone^-  made  b\'  electrical  inventions  has  been  used 
up  in  litigation  between  rival  companies.  The  present  tendency  of  the 
companies  to  consolidate  makes  it  questionable  whether  this  branch 
of  the  legal  practice  will  continue  to  flourish  as  it  has  in  years  past. 

The  first  class  includes,  further  than  were  named,  those  who  are 
generally  called  ''electrical  engineers"  and  the  large  number  of  people 
who  call  themselves  "electricians."  Under  each  of  the  sub-headings 
are  all  grades  of  work.  It  is  assumed  that  the  student  is  aiming  at  a 
high  position,  and  we  shall  therefore  consider  the  various  lines  of 
business  of  which  he  may  become  manager. 

There  is  a  good  field  for  the  electrical  manufacturer.  In  electrical 
industries  as  in  others  there  has  been  a  tendency  for  manufacturers  to 
combine  and  form  what  are  essentially  monopolies.  In  this  way  they 
obtain  control  of  patents  that  would  render  competition  impossible 
were  it  not  that  the  courts  do  not  generalh^  render  final  decision  until 
the  patent  has  almost  expired.  The  monopolies  created  by  the  control 
of  patents  have  practically  shut  out  competition  in  the  telephone  and 
storage  batter\'  business  in  this  countrj'.  Now  that  the  telephone  pat- 
ents are  expiring,  new  telephone  companies  are  springing  up  on  all  sides 
and  some  of  them  will  do  a  profitable  business.  The  General  Electric 
Company  controls  an  immense  number  of  patents  which,  if  sustained 
by  the  court,  will  give  them  a  practical  monopoly  of  electric  railway 
work.  In  the  earh-  days  of  electric  lighting  when  there  were  but  few 
companies  one  "system"  was  used  throughout  each  plant  and  the 
owners  were  usually  compelled  to  buy  all  supplies  from  the  parent  or 
manufacturing  company.  The  same  was  true  in  electric  railway  work. 
As  new  manufacturing  companies  were  organized  and  began  putting 
their  goods  on  the  market,  it  was  found  that  certain  parts  of  the  ap- 
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paratus  of  one  company  were  better  than  the  corresponding  apparatus 
made  b3^  another  compan3\  Careful  buyers  soon  began  to  use  their 
own  judgment,  bought  supplies  wherever  they  could  buj-  them  best 
and  whatever  suited  them  best.  This  opened  the  field  for  manufac- 
turers of  a  few  special  articles  or  lines  of  goods  and  to-day  this  is  one 
of  the  most  promising  fields  for  manufacture.  It  requires  so  much 
capital  to  carrj^  on  a  general  electric  manufacturing  business  by 
modern  methods  that  most  companies  are  contenting  themselves  with 
manufacturing  a  great  many  of  a  few  things.  If  one  could  obtain  con- 
trol of  the  manufacture  of  some  specialtj^  for  which  there  is  or  maj^  be 
created  a  demand,  there  is  a  fair  chance  for  it  to  succeed  provided,  of 
course,  it  is  well  managed. 

It  used  to  be  the  universal  custom  for  manufacturers  of  electric 
lights  and  power  apparatus  to  install  plants  themselves,  but  as  the 
business  became  older,  independent  parties  took  hold  ol  this  business, 
bu3dng  their  supplies  wherever  they  pleased.  This  is  true  of  other  elec- 
trical lines  except  the  telephone  and  perhaps  a  few  others  which  were 
monopolies.  The  supply  and  contracting  business  has  a  large  field 
and  furnishes  occupation  for  a  great  many. 

The  supply  business  is  attractive  to  many  and  there  is  room  for  a 
supplj'  house  in  almost  every  city.  The  character  of  the  business  will 
depend  largely  upon  the  size  of  the  city  and  its  nearness  to  great  busi- 
ness centers.  There  are  so  many  different  lines  of  electrical  work  that 
a  supply  house  must  command  an  enormous  capital  in  order  to  carr\' 
a  stock  of  everything  that  may  be  needed.  There  is  a  growing  ten- 
dency for  supply  houses  to  restrict  their  stock  and  handle  a  limited 
number  of  specialties. 

Closely  allied  to  the  supply  business  is  contracting.  Most  elec- 
trical contractors  keep  a  certain  amount  of  stock  on  hand  and  man3' 
of  them  are  agents  for  manufacturers.  The  knowledge  and  training 
necessary  for  a  contractor  will  vary  with  the  nature  and  size  of  the 
work  he  is  doing.  If  he  is  simply  an  "electrician"  and  "locksmith," 
he  needs  to  know  how  to  set  up  a  sal-ammoniac  cell  and  how  to  run 
annunciator  wires,  simply  following  the  diagram  given  in  the  supply 
catalogue.  Such  men  often  think  they  can  put  in  wiring  for  lighting 
houses  and  numerous  sad  tales  might  be  told  of  their  successes  and  the 
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misfortunes  of  their  patrons.  The  owners  of  a  certain  building  in 
Minneapolis  are  said  to  have  paid  $11,000  for  wiring  which  is  entirely 
worthless  on  account  of  poor  work.  There  is  a  steady  business  for 
contractors  who  wire  buildings  properh-  for  lighting  purposes ;  also 
for  agents  for  various  companies.  This  is  probably  one  of  the  safest 
lines  for  establishing  a  steadj'  electrical  business. 

In  almost  every  section  of  the  country  there  is  a  considerable 
amount  of  electrical  repair  work  to  be  done.  Electrical  apparatus  wall 
wear  out  and  meet  with  accidents.  Much  repair  work  is  sent  back  to 
the  factories,  but  in  man\'  cases  the  freight  or  express  charges  will 
amount  to  as  much  or  more  than  the  simple  cost  of  the  repairs.  Large 
plants  do  their  own  repairing,  but  owners  of  small  plants  cannot  af- 
ford to  keep  skilled  help  and  therefore  must  have  their  repairs  done 
elsewhere. 

The  consulting  engineer  who  has  established  a  reputation  finds  a 
wide  demand  for  his  services  as  a  designer  of  new  plants ;  for  examin- 
ing into  new  schemes  or  inventions  that  are  seeking  aid  of  capitalists ; 
for  testing  plants  in  operation  or  in  construction  ;  for  assisting  in  de- 
veloping new  inventions  and  in  any  similar  cases  that  ma\'  be  en- 
trusted to  him.  He  should  be  a  man  of  broad  education,  of  thorough 
technical  training,  wide  experience  in  business  and  in  the  actual  opera- 
tion of  electrical  plants.  The  consulting  engineer  is  often  at  the  same 
time  a  contractor.  The  business  of  consulting  engineer  is  often  diffi- 
cult, but  is  capable  of  being  developed  to  a  much  greater  extent  than 
it  IS  at  present.  There  is  an  opportunity  in  this  connection  for  excel- 
lent w^ork  to  be  done  in  educating  capitalists  who  propose  investing 
in  electrical  interests.  Large  sums  of  mone3'  that  might  have  been 
turned  to  profit,  if  at  the  outset  proper  consultation  had  been  made 
with  competent  engineers,  have  been  wasted  upon  electrical  schemes. 

The  third  division  of  the  first  class,  viz.:  operators  of  electrical 
apparatus,  includes  a  variety-  of  positions,  limited  onh-  by  the  number 
of  purposes  to  which  electricity  is  applied.  The  safe  and  economical 
operation  of  an  electric  concern  of  any  magnitude  requires  intelli- 
gent supervision  by  a  competent  electrician.  The  demand  for  educated 
electricians  is  continualh^  increasing.  Technical  students  seem  to  think 
that  the  most  promising,  in  fact,  almost  the  only  field  for  an  educated 
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electrical  engineer  is  in  electric  lighting  or  transmission  of  power. 
These  are,  indeed,  great  fields  and  there  is  also  a  great  rush  of  exper- 
ienced engineers  in  these  directions.  One  is  inclined  to  repeat  the  prov- 
erb, "Where  everybody  goes,  do  not  go."  In  other  words,  if  one  will 
strike  out  into  new  fields  where  he  meets  less  competition,  it  is  also 
likely  that  he  will  more  easily  make  a  success.  There  are  other  fields 
which  are  now  open  but  in  which  little  progress  has  been  made  simply 
because  they  have  been  left  to  inferior  or  poorly  prepared  men  or  have 
been  given  little  attention.  For  example;  inquiry  was  made  at  an 
electrical  supply  house  on  prices  for  electric  gas  lighting  apparatus. 
The  writer  was  shown  a  handsomely  finished  spark  coil  costing  $80.00 
and  was  assured  that  it  was  operated  only  by  one  cell  of  battery 
which  would  cost  50  cents.  The  probabilities  are  it  would  have  been 
much  more  economical  to  use  a  cheaper  coil  and  more  battery.  There 
seems  to  have  been  no  investigation  as  to  the  best  relation  between 
the  cost  of  coil  and  the  cost  of  battery.  There  certainh^  is  room  for 
careful  investigation  and  improved  designing  in  this  field. 

Abundant  opportunities  for  men  who  can  combine  electrical 
knowledge  with  good  management  are  open  in  the  superintendence  of 
electric  light  and  railway  stations,  telephone  exchanges,  telegraph 
lines,  electro-plating  and  electro-metallurgical  works  and  other  estab- 
lishments that  apply  electrical  energy  to  commercial  processes  or 
operations.  In  each  of  these  and  in  various  other  positions  that 
might  be  mentioned,  there  is  always  need  of  intelligent  supervision,  a 
multitude  of  details  to  be  looked  after  and  new  methods  to  be  investi- 
gated. The  financial  failure  or  success  of  such  establishment  often  de- 
pends upon  the  wisdom  of  the  superintendent  and  the  skill  with  which 
he  manages  details,  which  may  be  small  individually,  but,  in  the  aggre- 
gate, determine  whether  there  shall  be  dividends  or  assessments.  A 
concrete  example  of  this  will  be  worth  giving  in  some  detail. 

The  writer  is  somewhat  acquainted  with  the  methods  adopted  by 
a  large  electric  road  in  improving  its  service  while  reducing  its  repair 
account.  It  is  thought  that  the  result  of  this  experience  will  be  of  in- 
terest and  value  to  others  who  are  struggling  against  heavy  expenses 
in  the  repair  shops.  By  careful  management  this  road  has  accomp- 
lished wonders.   The  number  of  men  employed  in  rewinding  armatures 
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has  been  reduced  from  sixty-five  to  less  than  twenty  and  corresponding 
improvements  have  been  effected  in  other  departments.  This  has  been 
accomplished  by  the  emplo3'ment  of  trained  electrical  and  mechanical 
engineers  who  are  giving  careful  attention  to  details.  The  men  in 
charge  of  the  motors  and  cars  are  furnished  with  a  book  giving  clear 
explanations  of  the  various  parts  of  the  car  and  its  equipment,  illus- 
trating and  explaining  so  far  as  desirable  the  purpose  of  each  part. 
The\'  are  taught  how  to  take  proper  care  of  the  motors,  and  how  to 
make  ordinary  repairs  in  case  of  accident  on  the  road.  Specially 
trained  inspectors  are  out  on  the  line  at  all  times  looking  after  motors 
that  are  not  working  perfectly.  These  inspectors  endeavor  to  see  that 
ever^-thing  is  working  properly.  If  am'thing  is  out  of  order  they  re- 
pair it  at  once  or  send  it  to  the  shop  before  a  bad  matter  is  made  worse 
by  neglect.  Experience  shows  that  these  inspectors  save  their  cost  to 
the  company  many  times  over. 

In  the  repair  shops  great  attention  has  also  been  given  to  details. 
Careful  observation  of  the  scrap  heap  and  of  the  "cripples"  has 
pointed  out  a  number  of  wrinkles  which,  small  in  themselves,  have  in 
the  aggregate  amounted  to  much.  The  adoption  of  taper  fits  on  pin- 
ions and  commutators  has  been  the  means  of  saving  much  time  and 
much  swearing  in  the  shops.  B3'  altering  the  shape  of  the  commutator 
bars  and  by  pressing  down  the  ends  of  the  armature  wires  so  a.s  to 
form  a  sort  of  "goose-neck"  where  they  are  soldered  to  the  commu- 
tator bars,  broken  armature  leads  have  become  a  thing  of  the  past. 
In  all  parts  of  the  shops  everything  is  made  to  gauge  so  as  to  be  inter- 
changeable. The  repair  shops  are  run  on  a  manufacturing  basis  with 
great  economy. 

In  one  of  the  engine  rooms  a  small  change  in  the  piping  reduced 
the  drop  in  pressure  between  the  boilers  and  the  engine  from  fifteen 
pounds  to  less  than  two.  The  saving  of  fuel  from  this  single  device 
will  more  than  pa3'  the  salary  of  the  chief  engineer  who  made  the  ex- 
periment. 

These  are  but  a  few  of  the  improvements  brought  about  as  a  result 
of  the  careful  investigations  and  recommendations  of  trained  engineers. 
It  is  a  significant  commentary  on  the  claim  sometimes  made  by  ignor- 
ant or  prejudiced  men  that  educated  engineers  are  not  worth  their 
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salaries.  It  also  suggests  that  many  roads  and  other  electrical  indus- 
tries that  are  running  at  a  loss,  bareh^  paying  expenses,  or  even  those 
that  are  pa3nng  large  dividends,  would  find  it  a  valuable  investment 
to  secure  the  services  of  thoroughly  trained  engineers  who  can  com- 
bine theory  with  practice. 

The  education  and  training  that  a  person  needs  to  fit  him  for  his 
work  will  depend  largely  upon  the  sort  of  position  he  may  occupy.  In 
most  cases  the  more  he  knows  the  better.  The  more  knowledge  he  has 
of  chemistry,  mathematics,  physics,  mechanical  engineering,  business 
methods  and  human  nature,  the  better  prepared  is  he  for  his  work. 
The  field  is  so  broad  and  the  number  of  positions  so  widely  different 
that  it  would  be  impracticable  to  discuss  in  detail  the  advantages  of 
various  ones  or  the  qualifications  desirable  for  each  one.  The  quality 
and  amount  of  electrical  education  that  is  desirable  or  necessary  for  the 
person  depends  very  largely  upon  the  work  he  expects  to  do.  A  uni- 
versity course  is  not  necessary  for  certain  lines  of  work.  The  demand 
for  electrical  engineers  with  a  regular  university  training  is  compara- 
tively limited,  as  is  also  the  number  of  students  ready  to  obtain  such  a 
preparation. 

It  is  frequently  suggested  that  men  are  making  a  great  success  in 
electrical  work  who  have  never  been  collegians  and  whose  only  school- 
ing has  been  that  of  business  and  practical  work.  It  is  true  that  thej'' 
make  a  success,  but  it  is  also  true  that  the  same  men  would  have  done 
much  more  if  they  had  added  a  thorough  training  to  their  other  at- 
tainments. The  secret  of  their  success  without  a  college  education  is 
that  they  have  an  abundance  of  push,  common  sense  and  the  faculty 
of  using  the  results  of  other  people's  knowledge.  It  is  an  unde- 
niable fact  that  a  great  majority  of  the  men  at  the  head  of  electrical 
progress  are  college  men.  It  is  notably  the  oase  in  alternating  current 
work,  where  there  is  hardly  an  exception.  The  men  who  boast  that 
they  never  went  to  college  and  ridicule  the  green  graduates  who  have 
not  3xt  had  time  to  tone  theory  with  practice,  are  themselves  reaping 
the  benefits  of  the  labors  of  trained  scientific  investigators  and  mak- 
ing their  own  living  by  it. 

The  young  graduate  has  not  finished  his  education.  The  technical 
course  does  not  aim  to  fit  a  person  for  any  one  position,  nor  to  develop 
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him  into  a  full-fledged  engineer,  but  to  give  him  a  training  in  general 
theor\'  and  fundamental  principles  with  a  general  idea  of  methods  and 
purposes  in  commercial  practice.  He  is  given  the  tools  for  work,  but 
he  must  learn  the  applied  part  b_v  actual  experience.  For  this  purpose 
it  is  highly  desirable  that  he  spend  some  time  in  commercial  work  dur- 
ing his  technical  course.  If  two  or  three  of  the  long  summer  vacations 
are  spent  in  electric  light  or  power  stations,  in  repair  shops  or  factories 
or  in  telephone  or  telegraph  exchanges,  he  will  learn  to  appreciate  the 
practical  bearings  of  what  is  taught  in  the  class-room  and  laboratory, 
and  will  derive  much  more  of  value  therefrom.  Above  all  he  should 
cultivate  his  common  sense  and  reasoning  powers.  Students  are  likely 
to  acquire  the  habit  of  accepting  everything  that  is  in  the  technical 
papers  or  text-books  and  thereby  are  often  led  into  serious  error.  One 
should  use  one's  common  sense,  train  it,  and  if  one  finds  one  has  but 
little,  then  electrical  pursuits  should  be  left  aside. 
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TEST  OF  THE  POWER  PLANT  IN  THE  ENGINEERING 

BUILDING. 
James  H.  Gill  and  George  B.  Couper. 

Abstract  of  thesis  for  degree  of  B.  M.  E. 

The  plant  consists  of  an  8  by  15  inch  Buckeye  engine  running  at 
200  revolutions  per  minute;  a  Buckeye  boiler  50  inches  in  diameter  and 
10  feet  long,  having  forty -eight  3Vi  inch  return  fliies;  a  Wheeler  surface 
condenser  with  air  pump,  etc.  The  engine  was  fitted  with  a  special 
form  of  Prony  brake. 

The  main  objects  of  the  test  were,  to  determine  the  efficiency  of  the 
engine  both  condensing  and  non-condensing  and  to  find  the  evapora- 
tive efficiency  of  the  boiler. 

The  trials  were  of  about  two  hours  duration  under  each  load,  start- 
ing with  10  horse-power.  The  load  w^as  increased  at  each  test  until 
the  maximum  power  of  the  engine  was  reached.  Observations  of  pres- 
sures, temperatures,  etc.,  were  taken  every  ten  minutes.  A  summary 
of  the  results  is  given  in  the  accompanying  tables: 

ENGINE  TRIALS. 
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BOILER    TRIALS. 
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Referring  to  the  foregoing  table  of  engine  trials,  it  is  seen  that 
when  non-condensing  the  point  of  best  efficiency  is  about  25  horse- 
power.   The  maximum  power  obtained  was  31 .5  horse-power. 

When  condensing  the  steam  consumption  is  lowest  at  about  22 
horse-power.  Be^-ond  this  it  increases,  due  probably  to  the  condenser 
being  too  small.  It  w^as  found  impossible  to  maintain  a  good  vacuum 
under  the  heavier  loads,  as  is  shown  by  the  column  headed  vacuum. 

The  column  headed  water  per  h.  p.  hour  for  engine  and  pump, 
shows  the  true  amount  of  steam  used  b\'  the  engine  when  condens- 
ing. This  column  shows  the  same  increase  as  the  preceding  and 
probably  from  the  same  cause  (the  inefficiency  of  the  condenser). 

By  comparing  the  results  it  is  seen  that  the  total  steam  used  per 
horse  power  per  hour,  non-condensing,  is  less  above  23.5  horse-power 
than  when  condensing. 
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THE  OPERATION  OF  ELECTRIC  STREET  RAILWAY  MOTORS. 

Albert  D.  AIcNair,  '94. 

An  eminent  engineer  has  said  that  "the  success  of  any  electric  road 
"is  in  the  hands  of  the  armature  winders  and  motor  men."  In  the  early 
days  of  electric  railroading  as  in  the  early  stages  of  every  new  industry, 
many  serious  and  costly  mistakes  were  made.  Electrical  engineers 
themselves  contributed  their  quota,  and  where  leaders  make  mistakes 
what  can  w^e  expect  of  followers  ? 

Now  that  some  years  have  passed  since  the  successful  introduction 
of  electric  motors  in  street-railway  service,  there  is  a  fairly  good  supply 
of  men  who  can  operate  and  repair  motors.  In  nearly  all  the  larger 
cities  this  business  is  so  extensive  that  the  work  has  become  definitely 
specialized. 

Motor  men  do  no  repairing,  except  what  may  be  done  with  ham- 
mer, pliers  and  screw-driver  as  emergency  requires.  If  any  accident 
prove  too  serious  for  such  tools  and  the  car  cannot  be  moved,  the 
motor  man  must  wait  and  be  pushed  into  the  barn  by  the  next  car. 

The  repairers  at  the  car  barn  can  advantageously  do  only  part  of 
the  repairing.  Such  things  as  burned  out  field  coils,  armatures  and 
rheostats  are  removed  bodily  and  sent  to  what  is  usually  called  the 
armature  room  to  be  repaired  by  a  special  class  of  workers.  This  room 
is  called  the  armature  room  because  the  work  of  winding  armatures 
constitutes  the  principal  and  most  important  part  of  the  work  done 
here. 

It  has  long  been  common  custom  to  compare  the  electric  current  to 
a  stream  of  water.  There  are  certainly  many  analogies  between  the 
so-called  flow  of  the  electric  current,  and  the  flow  of  a  stream  of  water. 
Let  us  use  one  of  those  analogies  in  the  present  paper. 

In  many  cases,  turbine  wheels  or  other  water  motors  are  turned  by 
a  current  of  water  which  is  led  from  some  source  of  supply  through  a 
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pipe  to  the  point  where  the  turbine  is  located.  If  now  this  pipe  should 
break  at  some  point  or  spring  a  leak  by  which  an  appreciable  part  of 
the  water  is  wasted,  the  turbine  wheel  or  other  motor  can  no  longer  do 
its  work  properly. 

It  is  the  same  with  the  electric  current  in  passing  through  the  elec- 
tric motor  and  its  accessories.  When  the  insulation  breaks  and  the 
current  "springs  a  leak,"  the  motor  no  longer  does  its  work  properly. 
Man\'  readers  of  this  paper  are,  no  doubt,  aware  of  this  fact  already, 
since  it  belongs  to  elementary  instruction  in  electricity;  but  I  am  justi- 
fied in  referring  to  it  because  the  subject  of  insulation  is  one  of  prime 
importance,  and  those  who  have  not  actually  studied  about  electric 
motors  do  not  realize  how  many  are  the  places  at  which  these  leaks 
occur,  and  how  necessary  it  is  for  the  workman  to  be  on  the  look-out 
for  incipient  breaks  in  the  insulation.  By  tracing  the  current  through 
the  motors  of  a  single  electric  car  and  its  accessories  we  may  see  at 
how  many  points  there  is  danger  of  such  breaks. 

In  figure  1  is  shown  the  path  of  the  current  from  the  place  where 
it  enters  to  that  where  it  leaves  the  car.  The  diagram  shows  one  of 
the  arrangements  of  parts  for  the  Thomson-Houston  street  railway 
motor,  as  it  has  been  used  in  Minneapolis  and  other  places.  Many 
other  arrangements  are  in  use,  but  this  is  quite  common  and  will  serve 
to  illustrate  principles. 

In  nearly  every  car  in  Minneapolis  there  are  two  motors,  each  con- 
nected with  its  own  car  axle,  and  working  independently  of  its  neigh- 
bor. Figure  1  show^s  the  course  of  the  current  from  trolley  to  cut-out 
switch,  thence  to  the  fuse  box,  to  rheostat,  to  field  coils,  to  reversing 
switch,  to  armature,  back  to  reversing  switch,  thence  to  ground  and 
back  to  the  dynamo,  completing  the  entire  circuit.  The  current  w^hich 
lights  the  car  is  taken  oft'  by  a  shunt  circuit  before  it  reaches  the  cut- 
out switch.    This  is  not  shown  in  the  diagram. 

The  cut-out  switch  is  used  to  open  or  close  the  circuit,  and  is  al- 
ways left  open  as  indicated  by  the  dotted  lines,  where  the  car  is  to 
stand  still  for  any  length  of  time.  It  is  essentially  a  safety  device. 
The  fuse  box  contains  what  is  called  the  fuse  wire,  which  is  supposed 
to    melt    and    break  the  current  when  an  excessive  current  passes 
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through  it.  Next  is  shown  the  lightning  arrester,  through  which  no 
current  passes  under  ordinary  circumstances.  A  charge  of  lightning, 
however,  is  supposed  to  jump  across  the  small  air  spaces,  between  the 
dots  indicated  in  the  figure,  and  go  to  the  ground,  thus  saving  the 
motor  from  injurj-.  The  fact  of  the  case  is,  however,  it  does  not  pro- 
tect against  lightning  half  so  well  as  is  supposed. 

Figure  1. 


To  grouad 


A-rmature 


A>'matuv£ 


The  next  accessory  is  the  rheostat.  It  is  simpl3^  a  resistance, 
usually  made  of  a  great  number  of  thin  iron  plates,  through  which  the 
current  passes  in  series.  The  driver  can  vary  this  resistance  by  a  turn 
of  the  handle  at  his  side. 

There  is  little  trouble  with  insulation  until  the  current  reaches  the 
rheostat.    There  it  often  leaves  its  narrow  path.    It  breaks  through 
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the  insulation,  reaches  the  iron  frame-work  of  the  rheostat  and  from 
that  it  frequently  reaches  the  ground  ;  hence  very  little  gets  to  the  mo- 
tor and  the  car  will  not  go.  Water  is  a  great  destroyer  of  insulation, 
and  the  constant  cause  of  short  circuits  or  grounds.  Great  heat  pro- 
duces similar  effects.  Where  the  rheostat  is  placed  underneath  the  car, 
as  has  usualh'  been  the  case,  it  will  have  water  splashed  on  it  on  wet 
da^'s  in  spite  of  all  efforts  to  the  contrary.  It  cannot  be  sealed  up  like  a 
fruit  can,  because  its  parts  must  be  readily  accessible  and  air  must  cir- 
culate around  it  to  keep  it  from  getting  overheated  by  the  current.  At 
the  present  time  in  Minneapolis,  at  least,  manj'  of  the  rheostats  are 
placed  on  the  front  platform  where  the  driver  stands,  and  they  last 
much  better  in  consequence  of  being  in  a  dryer  place.  The  insulat- 
ing material  used  on  rheostats  is  principally  mica,  because  it  stands 
the  heat  well. 

PVom  the  rheostat  the  current  passes  to  the  field  coils  which  con- 
sist of  several  hundred  turns  of  insulated  copper  wire,  wound  around 
an  iron  wire.  These  coils  are  usually  well  protected  from  water,  but 
sometimes  a  little  moisture  finds  its  wa^'  in  and  induces  either  a 
short  circuit  or  a  ground.  Oftener,  however,  the  coils  become  very  hot 
from  a  strong  current  of  electricity'  passing  through  them.  This  heats 
the  insulation  to  such  an  extent  that  it  becomes  charred  or  carbonized 
so  that  its  resistance  is  materially  lessened ;  therefore  the  current 
breaks  through  from  one  turn  of  wire  to  an  adjacent  turn,  producing  a 
flash  of  fire  which  bums  the  insulation  on  adjacent  turns  and  often 
fuses  several  wires  together,  thus  formiiig  a  short  circuit. 

The  magnetizing  force  of  the  coil  is  lessened  in  practically  the  same 
ratio  as  the  number  of  turns  which  are  short  circuited.  This  would 
decrease  the  counter-electro-motive  force,  which  would  increase  the 
speed  of  the  motor. 

As  before  mentioned  there  are  two  motors  under  each  car.  If  one 
of  these  motors  has  perfecth-^  sound  coils,  and  the  other  has  coils  in 
which  man\'  turns  are  short-circuited,  the  motor  with  the  short  cir- 
cuited coils  tends  to  run  faster  than  the  other.  It  is  like  having  an 
energetic  horse  and  a  lazy  one  in  the  same  team.  The  energetic  horse 
not  only  has  to  pull  all  the  load,  but  to  drag  the  lazy  horse  along  also. 

Usuallv  one  field  coil  of  one  motor  becomes  short-circuited  while 
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the  other  coil  is  perfectly  sound.  This  produces  a  distortion  of  the 
lines  of  magnetism,  which  in  turn  produces  sparking,  tending  to  des- 
troy both  brush  and  commutator. 

If  the  current  breaks  through  the  insulation  to  the  core  of  the 
field,  the  phenomenon  of  6uc/c/w^occurs,the  intensitj^  of  which  depends 
upon  when  the  current  breaks  through  the  coils.  A  bucking  motor  is 
quite  as  vigorous  in  its  action  as  a  bucking  broncho.  It  is  important, 
therefore,  that  the  wire  of  the  field  coils  be  well  insulated,  well  pro- 
tected from  water,  and  not  subjected  to  an  excessive  current  of  elec- 
tricity. 

From  the  field  coils  the  current  passes  through  the  reversing  switch, 
each  motor  having  its  own  switch.  As  will  be  seen  from  the  diagram 
of  figure  1 ,  each  reversing  switch  has  five  posts,  three  on  one  side  and  two 
on  the  other.  The  outer  posts,  on  the  side  containing  three  posts,  are 
constantly  connected  with  each  other  as  shown  by  dotted  line.  The 
heavy  lines,  connecting  posts  on  one  side  with  posts  on  the  other,  show 
one  position  of  the  switch  arms,  while  the  short  dotted  lines  show  the 
reversed  posiiion.  It  will  be  seen  at  a  glance,  that  reversing  the  switch 
will  send  the  current  through  the  armature  in  the  opposite  direction. 
Thus,  if  the  switch  arms  should  occupy  the  position  of  the  dotted  lines, 
the  direction  of  the  current  through  the  armature  would  be  indicated  by 
the  dotted  arrows.  The  reversing  switches  need  to  be  kept  very  dr\^ 
and  must  be  covered  with  canvas  or  other  enclosing  material,  if  placed 
underneath  the  car. 

Coming  next  to  the  armature,  we  find  that  most  of  the  accidents 
which  occur  in  the  field  coils  are  also  likelj'-  to  occur  in  the  armature. 
Here  is  the  same  danger  of  short  circuits  and  grounds,  and  the  same 
precautions  are  to  be  observed.  A  difficulty,  which  not  infrequently 
occurs  in  armatures,  is  what  is  known  as  a  broken  lead.  It  is  not  such 
a  serious  difficulty  as  bucking,  but  it  needs  attention. 

Let  figure  2  represent  a  ring  armature  with  an  eight  part  commu- 
tator. The  end  elevation  of  commutator  is  shown,  in  which  the  black 
parts  are  the  copper  or  brass  bars,  the  blank  spaces  between  represent- 
ing the  insulation.  By  a  lead  is  meant  the  end  of  a  coil  which  leads  to 
a  commutator  bar.  Suppose  a  certain  lead  to  be  broken,  as  shown  at 
D  on  the  right.    Then  the  current,  which  enters  at  the  brush  A  and 
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leaves  at  the  brush  B,  cannot^ass  through  the  coils  of  the  right  half 
of  the  armature,  but  onlv  through  the  coils  of  the  left  half.  Thus,  but 
half  of  the  armature  is  working.  Since  in  armatures  commonly  used, 
the  leads  are  all  covered  over,  we  wish  to  know  what  are  the  external 
evidences  of  a  broken  lead. 

Figure  2. 


It  will  be  seen  from  figure  2,  that  as  the  armature  with  its  com- 
mutator turns,  the  bar  to  which  the  broken  lead  is  attached  will  pass 
under  each  brush  once  during  every  revolution.  The  current  then  w411 
pass  through  the  right  or  left  half  of  the  armature,  according  as  the 
broken  lead  is  on  the  left  or  right  side.  Thus  the  current  changes  from 
one  side  of  the  armature  to  the  other  every  time  the  bar  to  which  the 
broken  lead  is  attached  passes  under  a  brush.  A  flash  of  fire,  or  as  it 
is  usually  called,  a  spit  of  fire  is  seen  every  time  this  happens.  There- 
fore when  these  spits  of  fire  are  seen,  it  is  likely  that  there  is  a  broken 
lead;  but  this  does  not  necessarily  follow.  When  the.  armature  re- 
volves rapidh',  these  spits  of  fire  occur  in  such  rapid  succession  that 
thej'  appear  continuous  and  resemble  sparking  due  to  other  causes. 
To  observe  these  spits  of  fire  so  as  to  distingush  them  from  other 
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forms  of  sparking  it  is  necessary  to  watch  the  commutator  at  the  mo- 
ment of  starting,  or  as  the  armature  is  running  verj-  slowly. 

Another  external  evidence  of  the  same  difficulty  is  the  burned  con- 
dition of  the  edges  of  the  commutator  bar,  to  which  the  broken  lead 
is  attached, and  also  the  adjacent  bar;  the  insulation  between  is  badly 
burned  on  the  peripheral  edge,  which  is  the  only  part  visible. 

Sparking,  from  whatsoever  cause,  is  bad  for  the  commutator.  It 
burns  the  surface  of  it,  causing  a  poor  contact  between  brush  and 
commutator,  producing  much  heat  which  is  damaging  to  insulation. 
The  causes  of  sparking  have  been  classified  by  Crocker  and  Wheeler 
in  their  work  on  the  practical  management  of  dynamos  and  motors, 
under  the  following  heads :  (1)  armature  carrying  too  much  current ; 
(2)  brushes  not  set  at  neutral  points;  (3)  commutator,  rough,  eccen- 
tric, or  containing  a  high  bar;  (4)  brushes  making  poor  contact; 
(5)  short  circuited  coil;  (6)  broken  lead;  (7)  weak  field  magnetism; 
(8)  high  mica. 

A  point  where  the  insulation  needs  to  be  especially  good  is  at  the 
brush-holders.  Water  sometimes  splashes  on  the  insulation  at  these 
holders,  or  the  insulation  becomes  heated  and  the  current  breaks 
through  and  grounds  on  the  holders.  The  inevitable  result  of  a  ground 
at  this  point  is  a  vigorous  buck,  because  it  allows  an  enormous  current 
to  pass  through  the  field  coils,  and  produces  a  high  counter-electro- 
motive force  and  current,  the  energy  of  which  is  derived  entirely  from 
the  momentum  of  the  car.  (For  further  details  relating  to  bucking 
motors,  see  article  by  Professor  Shepardson  in  Electrical  World  vol. 
XX,  p.  160). 

The  mechanical  details  of  electric  motors  are  quite  as  important 
as  the  electrical  details.  A  case  in  point  is  the  armature  bearings. 
The  air  space  between  the  fixed  pole  pieces  and  the  revolving  arma- 
ture is  made  very  small ;  hence,  if  the  armature  bearings  become  worn, 
the  whole  armature  settles  down  until,  perhaps,  its  periphery'  touches 
the  pole  piece  and  the  insulation  is  rubbed  oif  the  armature  coils. 
Even  if  it  does  not  settle  enough  to  touch  the  pole  piece,  a  distortion 
of  field  magnetism  is  produced  which  causes  sparking  and  reduces  the 
efficiency  of  the  motor. 

The  matter  of  control  of  the  motor  is  one  of  vital  importance.    It 
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is  not  desirable  to  start  the  car  with  such  suddenness  as  to  make  the 
passengers  feel  that  the\'  are  being  shot  out  of  a  catapult.  Minneapo- 
lis citizens  since  the  introduction  of  the  electric  rail\va\'  have  observed 
that  mam- of  the  old  cars  started  with  a  suddenness  that  is  not  known 
at  present. 

They  can  remember  that  even  last  summer  (1892),  the  cars  on  the 
Interurban  line  started  with  a  disagreeable  jerk.  Now  the  diiference 
between  starting  gradualh'  and  starting  bj^  jerks  is  caused  bv  apply- 
ing a  force  accelerated  gradualh*  on  the  one  hand  and  by  sudden  incre- 
ments on  the  other.  The  constanth-  accelerated  force,  in  the  case 
of  electric  motors,  is  obtained  by  the  use  of  the  rheostat.  But 
rheostats  are  costh'  to  keep  in  repair,  and  thex'  also  transform  much 
electricity-  into  heat  which  is  radiated  and  lost.  Various  substitutes 
have  been  tried  for  rheostats,  to  save  the  current  which  the  rheostat 
wastes  as  heat.  The  old  Sprague  motors  had  the  field  coils  made  in 
separate  parts,  and  a  switch  was  so  arranged  that  the  current  could 
be  sent  at  will  through  some  of  the  coils  or  all  of  the  coils.  The  switch 
also  provided  for  placing  the  coils  in  series  or  in  parallels,  as  was  de- 
sired. By  means  of  these  variations  manj-  different  strengths  of  cur- 
rent could  be  obtained ;  but  it  was  found  that  it  was  both  difficult 
and  expensive  to  keep  the  switch  in  order. 

An  arrangement  similar  in  some  respects  was  the  series-multiple 
switch,  used  with  the  water-proof  motors  on  the  Interurban  line  last 
sum.mer.  In  this  arrangement  there  was  a  fixed  resistance,  which 
could  be  thrown  out  or  in  at  will.  There  were  five  different  points  on 
which  the  controlling  handle  could  be  thrown.  The  arrangements  for 
the  different  points  were  as  follows:  1st,  motors  in  series  with  the  re- 
sistance in.  2nd,  motors  in  series  w4th  the  resistance  out.  3d,  motors 
in  parallel  with  the  resistance  in.  4th,  motors  in  parallel  with  the  re- 
sistance out.  5th,  same  as  the  4th,  except  that  the  loop  was  used. 
The  loop  has  not  been  referred  to  before.  A  Thomson-Houston  motor 
is  said  to  be  on  the  loop,  when  about  half  the  field  coils  are  cut  out  of 
the  circuit.  The  loop  is  not  a  feature  of  the  Edison  or  Sprague  motors. 
The  arrangement  given  above  may  be  and  has  been  modified  to  a  great 
extent;  but  it  serves  to  illustrate  the  methods  by^  which  different  speeds 
mav  be  attained. 
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THE  STUDENT  COURSE  AT  LYNN. 

John  R.  Pitman,  Ex— '93. 

I  have  been  asked  to  write  an  article  on  the  General  Electric  Com- 
pany's works  at  Lynn,^Mass.,  touching  more  particularly  upon  the 
Expert,  or  Student  course.  Anything  pertaining  to  the  course  is  of 
interest  to  the  average  electrical  student,  who  may  have  a  vague  idea 
of  some  day  becoming  an  employe  of  this  great  corporation.  To 
him  this  article  is  especially  dedicated,  with  the  hope  that  its  few- 
points  may  be  of  use  in  the  future ;  for  to  write  fully  upon  this  subject 
would  require  more  space  than  I  am  at  liberty  to  use. 

L^mn  is  a  city  of  60,000  inhabitants,  situated  about  10  miles  to 
the  northeast  of  Boston,  and  connected  with  it  by  two  railroads,  an 
electric  line,  and  also  by  steamer.  The  surrounding  country  is  verj^ 
beautiful,  and  the  numerous  beaches  in  the  vicinity  afford  great  enjoy- 
ment to  all  lovers  of  old  ocean.  Lynn  has  always  been  widely  and 
rightly  known  as  the  "city  of  shoes,"  but  within  the  past  few 
years  a  sturdy  rival  to  the  shoes  has  sprung  up  in  the  shape  of  elec- 
tricity. How  this  occurred  may  be  of  interest  to  those  who  delight 
in  viewing  the  wonderful  strides  made  by  this  branch  of  science. 

In  the  town  of  New  Britain,  Conn.,  was  established  by  Professors 
Thomson  and  Houston  twelve  or  thirteen  years  ago,  a  factory  for  the 
manufacture  of  arc  light  dynamos;  the  company  was  known  as  the 
American  Electric  company  with  a  paid-up  capital  of  $87,000.  For 
two  years  they  struggled  along,  overcoming  many  difficulties,  but 
securing  at  the  same  time  a  goodly  number  of  patents,  and  much  valu- 
able information.  About  this  time  the  majority  of  the  stock  came 
into  the  possession  of  the  president  of  the  Brush  Co.;  and  then  it  fell 
into  the  hands  of  several  Lynn  capitalists,  and  the  firm  known  as  the 
Thomson -Houston  company.  In  the  latter  part  of  1883  the  factory 
was  moved  to  Lynn,  and  since  then  the  business  has  rapidly  increased, 
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diiferent  departments  being  added  from  time  to  time,  until  the  floor 
space  originalh^  of  26,962  square  feet  has  grown  to  be  considerably 
over  eight  acres,  and  everx'thing  is  badly  crowded  at  that.  They  have 
just  completed  a  number  of  fine  buildings  called  the  "River  works," 
situated  about  one  mile  from  the  present  factories,  consisting  of  enor- 
mous iron  and  steel  foundries,  great  machine,  pattern,  carpenter  and 
blacksmith  shops,  some  of  the  structures  being  500  feet  long  and  120 
feet  wide.  This  will  increase  the  floor  space  a  number  of  acres,  and 
the  number  of  men  employed,  probably  anywhere  from  one  thousand 
to  two  thousand. 

The  new  works  located  on  the  line  of  the  Boston  &  Maine  R.  R., 
and  the  Saugus  River  have  ample  wharfage  for  coal  and  shipping. 
The  buildings  are  supplied  throughout  with  machines  capable  of 
handling  the  largest  castings,  one  planer  taking  a  piece  10x12  feet 
square  and  25  feet  long.  The  shops  and  yard  are  one  network  of 
tracks,  on  which  both  steam  and  electricity  can  be  used.  The  whole 
plant  is  a  credit  to  the  company  and  is  a  much  needed  addition  to  the 
present  factories.  As  the  buildings  have  been  increased,  so  have  the 
emplo\^es,  the  forty-five  men  emplo\'ed  in  1884  had  grown  to  3,500  by 
January,  1892.  At  the  present  time,  between  four  and  five  thousand 
are  employed  at  the  works,  the  weekly  pay  account  running  above 
$50,000.  The  stock  has  been  correspondingly  increased  from  time  to 
time,  until  it  reached  the  $18,400,000  mark  in  1891.  In  the  spring  of' 
1892,  a  consolidation  with  the  Edison  people  was  effected,  the  com- 
panies becoming  known  as  the  General  Electric,  and  the  capitalization 
raised  to  $50,000,000.  At  this  time  a  charter  was  obtained  from  the 
state  of  New  York,  which  gave  unlimited  privileges.  The  combina- 
tion now  includes  the  following  companies: — Thomson -Houston, 
Edison,  Brush,  Fort  Wayne,  and  Schuyler  &  Bernstein. 

I  should  be  very  glad  to  take  the  reader  on  a  tour  through  the  fac- 
tories, but  find  that  space  will  not  permit  it.  So  I  shall  refer  my 
readers  to  an  excellent  article  in  the  Electrical  Engineer  for  June  29th, 
1892,  (Vol.  XIII,  No.  217)  entitled  "T-H"  or  "Among  the  Dynamo 
Builders  of  Lynn,"  by  A.  C.  Shaw.  This  will  personallj-  conduct  you 
through  the  works  in  a  very  satisfactory  manner,  and  will  leave  me  at 
liberty  to  devote  my  whole  time  to  speaking  of  the  Student  course. 
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Let  us  assume,  that  sometime  during  the  past  year  you  sent  in  an 
application  for  entrance  to  the  Expert  department.  Blanks  are  pro- 
vided for  this  purpose,  bj^  the  compam-,  and  you  must  fill  one  out; 
stating  your  name,  age,  residence,  present  occupation,  experience,  refer- 
ences, etc.  You  will  find  it  to  be  of  great  assistance  in  gaining  admis- 
sion, if  3^ou  will  accompany  your  application  with  several  letters  from 
any  prominent  men  you  may  happen  to  know.  Upon  reflecting  that 
there  are  now  over  seven  hundred  applications  on  file,  and  that  an 
average  of  four  is  received  everj--  day;  also  that  the  total  number  of 
students  allowed  in  this  department  at  one  time,  is  only  one  hundred, 
you  will  realize  that  it  is  no  small  matter  to  gain  admission;  but  do 
not  let  thes^  figures  discourage  you.  It  is  a  rather  curious  fact  that 
the  applications  are  much  more  numerous  in  the  fall  than  during  any 
other  season  of  the  year;  owing,  probably,  to  the  fact  that  many  col- 
lege men  prefer  a  little  rest  after  graduation  before  entering  upon  their 
life  work.  College  men  from  all  parts  of  the  United  States  are 
gathered  here,  one  might  say  from  the  whole  world;  as  England,  Ger- 
many, France,  Russia,  Spain,  Norway,  Japan,  Australia,  Mexico  and 
several  other  countries  are  represented.  Unless  one  is  a  college  man, 
or  has  served  on  the  Apprentice  course,  it  is  a  very  difficult  thing  to 
obtain  admission,  and  it  is  becoming  more  and  more  so  every  year. 
Fully  85  per  cent,  of  the  men  are  college  graduates.  As  one  cannot 
become  an  expert  if  under  age,  the  Apprentice  course  was  started  in 
August,  1892,  as  a  sort  of  preparation  school.  Since  then,  however,  the 
department  has  come  under  the  same  head  as  the  Expert  department, 
and  is  known  as  Student  course,  No.  2.  One  may  enter  this  course  if 
over  seventeen.  The  work  is  somewhat  mechanical  in  its  nature,  but 
there  is  enough  electricity  thrown  in,  however,  to  make  it  interesting. 
Two  years  spent  at  this  kind  of  labor  is  considered  good  preparation 
for  the  Expert  department. 

The  Expert  course  was  inaugurated  in  1886,  and  at  that  time  there 
were  enrolled  about  ten  men,  receiving  in  the  neighborhood  of  $8.00 
per  week;  the  idea  being  to  educate  engineers  to  be  of  practical  import- 
ance to  the  Thomson-Houston  company.  There  was  no  scheduled 
course,  and  every  man  was  guaranteed  a  position  with  the  company. 

At  the  present  time  the  corporation  does  not  promise  to  give  the 
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students  a  position  upon  their  completing  the  course,  but  many  of  them 
get  one,  nevertheless,  and  to  those  that  do  not,  the  certificate  received 
proves  a  valuable  assistance  at  the  doors  of  other  companies. 

A  few  days  after  sending  in  an  application  a  communication  will 
be  received  stating  that  the  application  has  been  placed  on  file,  and 
will  be  given  due  attention.  In  time,  if  the  application  receive  favor- 
able action  a  letter  will  order  the  applicant  to  report  for  work  at  6:30 
a.  m.  on  a  specified  date.  It  is  a  good  plan  to  reach  Lynn  a  few  days 
before  the  date  on  which  one  is  ordered  to  report.  This  gives  time  to 
get  settled  in  convenient  quarters.  Valuable  information  about  rooms, 
board,  etc.,  may  be  obtained  at  the  office  of  the  Expert  department. 

The  first  morning,  one  must  report  to  the  person  who  hires  all  the 
men  employed  in  the  factories.  He  is  given  a  number,  and  sent  off  in 
tow^  of  a  small  boy,  to  the  department  to  which  he  has  been  assigned, 
and  which,  in  all  probability,  will  be  assembling  railway'  motors,  the 
dirtiest  and  most  monotonous  work  in  the  whole  facton.'.  Let  us  now 
take  a  look  at  the  work  required  in  the  course: 

EXPERT  COURSE   .\T  LYNN  FACTORY. 

1.  Shop  Plant.  Weeks. 

1.  Wiring 4 

2.  Shop  motors 2 

2.  Arc  Department. 

1.  .\rc  lamp  assembling 2 

2.  Arc  lamp  testing 4 

3.  Arc  machine  assembling  and  testing 5 

3.  Incandescent  Department,  Direct. 

1.  Incandescent  machine,  assembling  and  testing 4 

2.  Meters 2 

3.  Winding  armatures 4 

5.    Stationary  Motors  and  Generators. 

1.  Assembling  and  testing 4 

2.  Railway  and  large  generators 5 

5.  Alternating  System. 

1.  Machine  assembling  and  testing 5 

2.  Conscructing  transformers... 2 

3.  Testing  transformers 2 

4.  Testing  mining  drills  and  apparatus 2 

6.  Railway  motor  testing 3 

7.  Blacksmith  shop _2 

52 

In  addition  to  the  above,  experts  are  required  to  do  more  or  less 
work  of  an  experimental  nature,  such  as  testing  special  machines,  etc. 
In  return  for  this  labor  one  is  reimbursed  as  follows :  For  the  first 
three  months,  five  cents  per  hour;  for  the  second  three  months  seven 
cents ;  for  the  succeeding  three  months,  ten  cents,  and  for  the  remainder 
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of  the  year,  twelve  cents  per  hour.  If  one  should  remain  on  the  course 
for  more  than  a  year  he  is  paid  at  the  rate  of  fifteen  cents  per  hour. 

The  working  day  is  nominally  of  ten  hours,  as  follows :  From 
6:30-12,  and  from  1-6.  This  gives  a  total  of  ten  and  one-half  hours 
per  day,  but  by  putting  in  this  extra  half  hour  every  day  the  men  are 
enabled  to  obtain  Saturday  afternoons  off,  which,  as  may  well  be 
imagined,  is  a  great  boon.  The  present  factory  hours  are  from  6:45  to 
12  o'clock,  and  from  12:45  to  6  o'clock,  the  office  men  beginning  at 
7:45.  Individual  tools  are  supplied  to  the  men  and  charged  against 
their  names.  These  must  be  returned  upon  leaving  the  factory  or  paid 
for.  As  regards  a  leave  of  absence,  one  can  be  obtained  at  almost  any- 
time. Plenty  of  special  work  of  all  kinds  can  be  done,  and  manj^  of 
the  men  put  in  quite  a  little  time  in  the  offices  and  draughting  rooms. 

Every  few  days  there  comes  in  a  request  from  some  company  for 
men,  and  the  most  suitable  ones  are  selected.  They  often  go  as  far 
away  as  South  America.  Let  us  now  watch  a  workman-student  for  a 
few  minutes  at  his  task.  We  shall  find  him  on  one  end  of  Section  C. 
Here  the  water-proof  and  other  railway  motors  are  assembled  in 
pairs  on  stationary  shafts,  and  geared  together;  they  are  then  run  on 
full  load  for  ninety  minutes.  In  this  method  one  machine  is  run  as  a 
motor  and  drives  the  other  as  a  generator.  At  the  end  of  forty -five 
minutes  their  functions  are  reversed;  the  potential  and  current  are 
noted,  also  the  hot  and  cold  resistances  (the  current  for  the  latter 
being  supplied  by  storage  batteries),  of  the  armature  and  field. 
Water  rheostats  are  used  for  the  load  and  railway  rheostats  for  regu- 
lation. 

The  machines  are  then  taken  down,  cleaned  and  sent  to  the  car 
shop  where  they  are  painted  and  the  finishing  touches  given;  they  are 
then  sent  to  the  shipping  department. 

About  twenty-five  or  thirty  of  these  w.  p.  motors,  30  to  50  h. 
p.,  that  is,  per  pair,  are  turned  out  daily.  The  frame  consists  of  two 
castings  bolted  together  and  forms  a  tight  case  with  the  exception  of 
openings  at  the  sides  for  the  armature  shaft  and  leads,  these  are  after- 
wards closed  with  sheet  iron  covers.  The  pole  pieces  are  cast  with  the 
frame  and  the  single  spool  is  bolted  into  the  top  frame.  This  field  has 
three  leads;  loop,  end  and  ground.    When  the  loop  is  used  some  of  the 
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ampere  turns  are  cut  out  and  as  the  speed  is  dependent  upon  the 
strength  of  the  field  it  is  naturalh'  increased,  and  the  torque  at  the 
same  time  is  diminished.  Several  different  windings  are  in  vogue  for 
fulfilling  different  conditions.  The  armatures  are  iron-clad  and  of  the 
drum  type,  being  dressed  at  both  ends  and  painted  with  water-proof 
paint.  The  motor  is  a  series  wound  machine,  and  is  single  reduction, 
the  gears  being  inclosed  in  gear  cases  parth'  filled  with  oil.  The  motor 
throughout  is  very  well  protected  and  the  parts  are  compact  and  of 
good  design. 

When  a  student  has  completed  his  time  on  one  subject,  or  it  is 
thought  desirable  to  shift  him,  he  is  given  a  card  transferring  him  to 
another  department.  This  card  is  generally  given  out  Saturday  morn- 
ing, and  the  recipient  reports  to  the  new  foreman  the  following  Mon- 
day, 

All  except  the  office  and  draughting  men  must  pass  through  agate 
house  on  entering  the  factories  in  the  morning  and  at  noon,  and  pull 
a  check,  stamped  with  their  number;  this  is  deposited  in  a  box.  No 
man  that  pulls  a  check  is  allowed  to  w^ork  for  that  half  day  if  more 
than  an  hour  late. 

Let  us  now  enter  the  other  end  of  Section  C.  We  shall  find  a  room 
where  all  transformers  are  tested,  save  the  30,000  watt.  A  number 
of  boards  are  placed  around  the  sides  of  the  room,  on  each  of  which 
are  four  rows  of  terminals,  the  two  upper  being  the  positive  and  nega- 
tive secondaries,  the  others  being  the  primaries. 

From  the  former,  wires  are  run  to  banks  of  incandescent  lamps 
overhead,  the  latter  are  connected  with  the  dynamo,  generally  at 
1,040,  sometimes  2,080.  One  board  will  be  for  600  watt  transformers 
(12  lights)  and  each  secondary  will  have  that  number  of  lamps  on  it, 
while  another  will  be  for  1800  watts,  and  will  necessarih- require  more 
lamps  per  transformer,  and  so  on.  When  the  transformers  are  placed 
on  trucks  before  the  boards,  the  covers  are  removed  and  each  one  is 
tested  with  a  magnet  for  grounds,  they  are  then  wired  up  to  the 
boards  and  the  switch  thrown  in.  The  transformers  have  two  second- 
ary coils  which,  if  connected  in  multiple  give  52  volts ;  if  in  series,  104. 
A  run  of  five  or  six  hours  is  made  and  then  they  are  tested  v^ath  a 
transformer,  a  variation  with    load  of  one  volt  being  allowed,  then 
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the  load  is  taken  oif  by  disconnecting  the  secondaries,  and  the\^  are 
again  tested,  this  time  only  a  difference  of  half  a  volt  being  permitted. 
The  machines  are  now  flashed  in  connection  with  a  standard.  This 
shows  whether  the  secondary  coils  are  connected  internally  in  a  proper 
manner.  The  covers  are  then  replaced,  and  the  transformers  sent  to 
the  shipper.  When  in  use  on  5,000  volts  circuits,  the  cases  are  filled 
with  oil  to  increase  insulation,  between  the  primary  and  ground, 
secondary  and  ground,  and  primary  and  secondary. 

The  wiring  consists  essentially  of  putting  up  new  wires  about  the 
shops,  replacing  fuses  and  helping  to  construct  switch-boards. 

A  great  deal  of  the  machinery  is  run  by  shop  motors,  as  they  are 
called,  scattered  all  through  the  factories ;  some  of  them  in  almost  in- 
accessible places,  and  a  student  is  given  a  certain  number  of  motors  to 
look  after.  He  arrives  a  few  minutes  before  the  whistle  blows,  starts 
them  up,  fills  the  oil  cups,  looks  at  the  commutators,  and  sees  that 
they  are  in  good  order  generally.  He  must  never  allow  them  to  stop 
if  it  can  possibly  be  avoided.  During  the  day  he  makes  the  rounds 
every  half  hour  and  takes  readings  on  the  voltmeter  and  ammeter, 
these  he  records  and  computes  the  horse  power  therefrom,  the  reports 
being  handed  in  every  evening. 

Arc  lamp  assembling.  This  phrase  explains  itself.  A  little  prac- 
tice of  this  sort  being  very  useful  as  one  learns  to  understand  the  lamps 
thoroughly. 

Arc  machine  assembling  and  testing.  This  is  one  of  the  most  in- 
teresting and  instructive  subjects  to  be  found  in  the  whole  course,  as  it 
requires  a  great  deal  of  skill  and  care  properly  to  adjust  all  the  compli- 
cated levers  and  parts  of  the  controlling  device;  also  to  set  the  com- 
mutator properly  on  the  shaft  and  to  adjust  the  brushes  correctly. 
There  is  a  great  deal  to  learn  about  the  machine  and  there  is  certainly 
no  better  way  than  this. 

The  assembling  and  testing  of  incandescent  machines,  railway 
and  charge  generators  and  alternators  consists  mainly,  as  the  title 
implies,  in  putting  the  various  parts  into  shape  and  testing  the 
machines. 

In  the  arc  lamp  testing  room,  the  lamps  are  hung  in  long  rows  and 
the  main  things  to  learn  are  to  adjust  the  carbons  and  to  regulate  the 
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feed,  both  requiring  a  great  deal  of  practice  and  care;  for  instance  if 
the  lamp  hisses  we  know  that  the  arc  is  too  short,  and  so  change  the 
regulation,  or  if  it  should  flame  the  arc  is  too  long.  The  lamps 
are  tested  as  a  rule,  for  about  six  hours,  three  hours  on  each  carbon. 
In  adjusting  the  carbons,  first  one  side  is  adjusted  and  then  the  other. 
The  final  test  consists  in  pulling  the  carbons  apart.  If  the  flame  does 
not  go  out  it  shows  that  there  is  something  wrong  with  the  lamp ;  as 
in  case  the  carbons  should  give  out  or  anything  happen  to  the  lamp, 
the  current  would  not  be  short  circuited  through  it  and  hence  the  other 
lamps  on  the  circuit  would  go  out.  Finally  the  lamps  are  polished  and 
sent  to  the  shipping  room. 

Work  on  meters,  winding  of  armatures  and  construction  of  trans- 
formers, consists  mainly  of  standing  bj' and  watching  other  men  labor- 
All  that  one  is  supposed  to  do  is  to  pick  up  pointers,  occasionally  lend- 
ing a  hand. 

Besides  the  regular  course,  which  is  very  valuable,  there  is  a  vast 
amount  of  special  work  which  is  of  exceeding  value  to  the  student. 

The  General  Electric  company  offers  a  similar  course  in  their  fac- 
tories located  at  Schenectady. 

At  Middleton,  Conn.,  the  same  company  has  pro\'ided  a  special 
course  in  marine  work,  the  number  of  students  admitted  at  any  one 
time  being  limited  to  twent3\ 

Upon  completion  of  the  prescribed  course  at  Lynn,  the  student  re- 
ceives a  certificate  signed  by  the  foreman  and  manager  of  the  Expert 
department.  This  certifies  that  the  bearer  "has  completed  the  Student 
course  at  L3'nn  factory  in  a  satisfactory'  manner,  and  is  deemed  com- 
petent to  install  and  operate  the  Thomson-Houston  apparatus  man- 
ufactured at  the  above  named  factory." 

Certificates  are  also  given  at  Schenectady  and  Middleton. 


Anthony  Zeleny. 


AN  EXPERIMENT  IN  ELECTRIC  RESONANCE. 


Anthony  Zeleny,  B.  S. 

Two  sheets  of  brass  plate  O  and  0^,see  figure  2,  each 41  centimeters 
square  were  joined  to  opposite  poles  of  a  Holtz  electric  machine.  To 
each  pole  of  the  Holtz  machine  were  also  attached  five  Levden  jars. 
To  each  of  the  brass  plates  was  soldered  a  brass  wire  2.1  millimeters 
in  diameter  and  32  centimeters  long.  These  wires  ended  in  the  knobs 
a  and  b,  which  were  made  the  terminals  of  the  sparking  gap  A. 

Figure  1. 
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"*  In  this  article  let  R  =  the  resistance,  in  ohms,  of  the  wires  between 
the  brass  plates,  plus  the  resistance  of  the  sparking  gap  A  at  the 
moment  the  current  is  passing  through  it ;  L  =  coefficient  of  self-induc- 
tion, in  absolute  electromagnetic  units,  of  these  same  wires  and  of  the 
sparking  gap  A  at  the  moment  the  current  is  passing ;  C  =  capacitj-^  of 
the  two  plates  in  electrostatic  measure ;  V  =  velocity  of  light  or  the 
velocity  of  the  electro-magi^tic  ether  waves,  in  centimeters  per  second; 
1  =  length,  in  centimetere,  of  the  two  wires  between  the  plates  plus  the 
length  of  the  air  gap ;  d  =  diameter  of  the  wires,  in  centimeters. 

4L 


When  a  spark  occurs  at  /I ,  if  R 


\/  ^^r-  the  discharge    is  oscilla- 
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tory,  i.  e.,  each  visible  spark  is  composed  of  many  vibrations  back  and 

forth.    In  this  experiment  when  the  gap  A  is   1.3  centimeters  long 

41 
L  =  2  1  [nap.  log.  -     —  .75]  =  832.575. 

36  X  41 
C  =  ' ^ =  7.38    [The  capacity  of  each  square  plate  is   .36 

times  the  length  of  its  side  in  centimeters  and  the  capacity  of  tv^^o 
plates  together,  when  placed  in  series  as  in  the  experiment,  is  equal  to 
one  half  that  amount.] 

Since  the  velocity  of  light  is  30  billion  centimeters  per  second  and 

2  II  \/  ly  C 

since  T  = :r;^ the  time  of  one  complete  vibration  is  .000,000,- 

016,417  of  a  second.  The  length  of  the  electro-magnetic  wave  T  V  is 
in  this  case  4.92  meters. 

A  rectangle  of  brass  wire  having  two  opposite  sides  each  48  centi- 
meters long  and  the  other  two  sides  made  of  loose  coils  of  wire,  as 
shown  in  figure  i,  is  placed  near  the  brass  plates.  This  rectangle  can  be 
increased  in  length  b^^  simply  stretching  these  coils.  There  is  a  micro- 
meter sparking  gap  at  B.  The  capacity  of  this  rectangle  is  constant 
or  nearh^  so,  but  the  coefficient  of  self-induction  decreases  as  the  rect- 
angle is  increased  in  length.    Therefore  the  time  of  vibration  in  this 
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rectangle,  which  is  also  equal  to „ '  decreases  as  the  length  of  the 

rectangle  increases. 

When  the  rectangle  is  of  just  such  a  length  that  its  time  of  vibration 
is  equal  to  the  time  of  vibration  in  the  brass  plates,  the  following  reso- 
nance phenomenonoccurs:  When  an  oscillation  at  A  goes  from  a  to  6,  an 
oscillation  is  induced  in  the  rectangle  in  the  direction  of  _y  z  x.  Not  being 
strong  enough  to  jump  across  the  gap  B,  this  induced  oscillation  is  re- 
flected from  A' and  when  it  reaches  the  points,  the  oscillation  in  the  brass 
plates  is  just  returning  from  b  to  a.  Another  oscillation  is  induced  in 
the  rectangle,  but  this  time  in  the  direction  of  x^  j-.  This  oscillation  is 
superimposed  exactly  upon  the  one  already  existing  there  and  thus  in- 
creases it  in  strength.  This  increased  oscillation  then  proceeds  to  j  and 
is  again  reflected,  and  when  it  reaches  z is  again  increased  as  before.  This 
goes  on  until  the  induced  effect  is  strong  enough  to  jump  across  the  gap 
at  B.  Thus  for  every  oscillatory-  spark  at  .4,  a  spark  occurs  at  B,  which 
is  far  greater  than  one  produced  b\-  simple  induction.    If  the  time  of 
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vibration  in  the  rectangle,  is  not  the  same  as  that  of  the  plates,  the 
successivelj^  induced  oscillations  will  be  superimposed  less  and  less  as  the 
difference  increases  and  thus  their  combined  effect  will  be  weaker  and 
the  spark  at  B  will  diminish. 

Figure  2. 


HI     fo      53     Si, 

The  curves  for  the  maximum  sparking  distance  at  B  shown  in  figure 
2,  were  obtained  when  the  rectangle  was  placed  38  millimeters  from 
the  brass  plates  and  its  length  continually  increased  by  stretching  the 
coils.  The  ordinates  show  the  maximum  length  of  spark  in  tenths  of 
millimeters  and  the  abscissae  the  length  of  the  rectangle  in  centimeters. 
The  curve  L,  was  obtained  when  the  sparking  gap  at  A  was  16  milli- 
meters in  length ;  M,  when  A  was  13  millimeters ;  A^,  when  A  was  10 
millimeters. 
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THE  AUSTIN  MASONRY  DAM. 

D.  CuYLER  Washburx,  '93. 

The  new  public  works  for  the  city  of  Austin,  Texas,  consist  of  a 
masonry  dam  across  the  Colorado  river ;  a  power  house,  with  the 
many  details  of  machinery- alwa^-s  found  in  a  large  station;  distribution 
mains  for  supplying  the  cit\'  with  water ;  a  large  storage  reservoir,  or 
settling  basin,  and  all  necessarj-  accompaniments. 

This  article  will  be  confined  to  the  dam,  and  a  discussion  of  its  sta- 
bility and  of  the  relative  value  of  a  square  and  a  rounded  top  or  spill- 
way for  such  a  structure. 

Discussion  for  stability. — This  particular  dam  under  discussion  is 
60  ft.  high  above  low  water,  with  a  rounded  crest,  as  shown  in  the 
accompanying  drawing,  and  a  long  sweeping  curve  at  the  toe  which 
comes  tangent  to  a  horizontal  line  at  zero  point  or  low  water.  The 
center  of  gravity-  of  the  section  of  the  dam  can  be  found  very  accurately, 
if  care  be  taken,  bv-  drawing  the  dam  to  scale  on  some  hard  homogen- 
eous paper,  cutting  out  the  shape  and  balancing  it  on  a  pin  point.  We 
thus  find  the  center  of  gravity  to  be  15  feet  from  front  face  of  dam  and 
26  feet  above  base  line  or  zero  point.  To  get  the  force  of  gravity- which 
acts  through  this  point  we  take  a  section  of  the  dam  one  foot  in  length, 
or  multiply  the  sectional  area  by  the  w^eight  of  one  cubic  foot  of  ma- 
sonry. We  find  the  sectional  area  by  cutting  up  the  figure  of  the  dam 
into  triangles,  then  taking  the  sum  of  their  areas  which  we  find  to  be 
1897.125  square  feet.  The  dam  is  built  of  granite  weighing  over  150 
pounds  per  cubic  foot.  Whence  1897.125x150=284,568  pounds  as 
the  weight  or  downward  force  acting  through  the  center  of  gravity 
of  the  dam.  Then  284,568x45  (distance  from  vertical  line  through 
center  of  gravity-  to  toe  of  dam)  =12,805,560,  which  is  the  moment 
of  stability'. 

The  dam  is  designed  to  stand  a  flood  of  15  feet  of  water  passing 
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its  crest,  making  75  feet  above  the  zero  line  which  we  consider  the  base 
of  the  dam.  The  force  of  the  water  tending  to  overturn  the  dam  will 
be  62. 5x(75)  ^=175,625  pounds,  acting  at  a  point  which  is  one-third 
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of  75  or  25  feet  from  the  base  of  dam.  Then  the  moment  tending  to 
overturn  the  dam  is  175,625x25=4,390,625.  Comparing  this  with  the 
moment  of  stability  we  see  that  the  latter  is  nearly  three  times  as 
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great,  thus  showing  that  we  have  a  factor  of  safety  of  about  three. 

One  of  the  conditions  of  safety  for  dams  is  that  the  resultant  of 
water  and  masonry  forces  shall  not  pass  outside  of  the  middle  third  of 
the  base.  This  may  be  solved  graphically  as  shown  in  the  drawing  in 
figure  H  b  c,  which  is  seen  to  be  within  the  required  limit.  For  all  con- 
ditions yet  considered  the  dam  is  safe. 

For  possible  sliding. — This  investigation  is  rendered  quite  easj"  by 
consulting  a  table  of  coefficients  of  friction.  Baker  gives  for  this  kind 
of  masonry  a  co-efficient  of  .70,  then  weight  of  masonry  284,568x. 70= 
199,197  pounds  resistance  to  sliding;  but  we  know  that  the  total 
water  pressure  is  only  175,625  pounds,  leaving  a  surplus  of  23,572 
pounds  for  safet3%  not  considering  the  bonding  effect  of  the  masonry. 
This  will  be  laid  in  the  best  hydraulic  cement,  which  is  capable  of 
standing  upwards  of  1,000  pounds  per  square  inch  without  crushing. 
The  combination  of  all  of  these  resistances  gives  a  factor  of  safety  of  at 
least  6  to  8. 

It  will  be  noticed  that  the  theoretical  flow  of  water,  as  shown  in 
the  drawing,  tends  to  leave  the  face  of  the  dam.  But  the  rushing  of  so 
large  a  volume  of  water  over  so  small  a  space  will  produce  a  vacuum. 
The  outside  pressure  of  the  air  will  bring  the  water  against  the  wall, 
and  thus  prevent  any  disastrous  pounding  effect,  which  would  be  the 
case  if  the  dam  was  built  as  first  proposed  and  as  shown  by  dotted 
lines  in  the  drawing  with  outer  comer  of  crest  at  e.  The  w^ater  tends 
to  leave  the  dam  about  7  or  8  feet.  A  force  equal  to  one-fourth  of  a 
perfect  vacuum  is  allowed  to  bring  it  back.  Thus  \^48xl44=  25,920, 
overturning  effect  of  the  vacuum  (the  length  of  vacumm  space  being 
48  feet) .  Laying  off  this  force  c  d  to  the  scale  of  50  tons  to  the  inch  at 
right  angles  to  resultant,  gives  a  new  resultant  a  d  which  is  also 
within  the  required  limit. 

Flow  of  water  over  crest. — We  now  come  to  the  best  form  of  top 
or  crest  for  dams.  The  square  crest,  as  show^n  by  dotted  lines,  w^as  the 
form  first  proposed,  and  just  above  it  is  the  position  of  a  large  volume 
of  water  flowing  over.  The  curves  of  flow^  over  the  square  and  round 
crested  dam  are  identically  the  same,  and  were  obtained  by  plotting 
31  curves  of  flow  for  different  depths  and  an  average  taken,  thus  in- 
suring very  accurate  results.    The  different  positions  of  the  curve  of 
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flow,  relative  to  the  dam,  depend  upon  the  form  of  dam,  the  water 
starting  to  fall  on  the  round  crested  dam  13  feet  farther  up  stream 
than  in  the  case  of  the  square  crested  dam.  This  13  feet  is  utilized  in 
bringing  the  jet  of  water  nearer  the  face  of  the  dam.  All  this  is  to  pre- 
vent the  dangerous  effect  of  the  pounding  of  the  water  on  the  dam. 
Since  one  practical  test  is  worth  much  theory,  it  might  be  interesting 
to  state  what  really  did  happen  to  this  dam  during  a  moderate  flood 
in  October,  1892.  The  water  poured  over  the  partly  finished  dam; 
then  only  20  feet  high,  to  a  depth  of  10  feet.  The  effect  was  to  loosen 
large  blocks  of  granite  weighing  six  tons  and  tumble  them  into  a  heap 
about  300  or  400  yards  down  stream.  Pieces  of  the  shelving  rock  in 
the  river  bed,  weighing  over  30  tons,  were  torn  up  and  moved  100 feet. 
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THE  HISTORY  OF  PIG  IRON. 

Peter  H.  Christiaxsox,  Instructor  in  Assaying. 

1.  Genesis  of  the  ores. — It  is  evident  that  at  a  ver\-  early  period 
iron  was  quite  uniformh-  disseminated  throughout  the  rocks.  A  cer- 
tain amount  of  it  must  have  been  held  in  solution  by  the  oceanic  wa- 
ters, but  this  amount  has  not  played  a  very  important  part  in  produc- 
ing our  economic  supplies  of  iron. 

At  the  present  time  all  cr\'stalline  rocks  contain  iron  in  some  form, 
and  it  is  reasonable  to  suppose  that  the  original  primitive  rocks  all  of 
which  were  crystalline  contained  as  great  a  percentage  of  iron  as  those 
of  the  present  day.  Enormous  quantities  of  these  earh'  crystarllines 
have  been  disintegrated  as  proved  b^-  our  enormous  beds  of  clastic 
rocks,  all  of  which  must  have  been  derived  from  crystalline  rocks. 
Water  is  the  principal  agent  in  this  disintegrating  process;  nearly  all 
substances  are  soluble  in  it  in  a  greater  or  less  degree.  Several  years 
ago  heat  was  supposed  to  be  the  great  transforming  agent;  heat  was 
made  to  account  for  all  kinds  of  changes.  In  recent  j^ears  microscopic 
investigations  have  given  rise  to  the  opinion  that  rocks  were  not  vio- 
lently altered  by  heat  in  a  comparatively  short  time,  but  that  rock  al- 
terations in  a  great  measure  are  caused  by  the  solvent  action  of  water 
continuing  throughout  long  periods  of  time.  Although  this  action  is 
slight  in  the  case  of  mauA-  minerals,  yet  when  w^e  consider  the  vast  ages 
through  which  it  has  been  going  on,  there  seems  to  be  no  difficult^'  in 
accounting  for  such  vast  transformations. 

Aside  from  its  chemical  action,  water  contains  a  vast  mechanical 
force.  The  results  of  this  are  more  apparent  than  are  those  of  its  chem- 
ical action.  The  quartz  of  the  crystalline  rocks  not  being  readih'  dis- 
solved has  been  removed  mechanically  and  deposited,  forming  quartz- 
ites  or  sandstones.  These  quartzite  and  sandstone  beds  ma3'  be  taken 
to  represent  the  free  silica  in  the  pre-existing  crystalline  rocks,  but  they 
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do  not  carry  all  the  iron  which  the  earlier  crystallines  doubtless  con- 
tained. 

The  world's  supply  of  iron  lies  in  the  oxides  and  carbonates.  The 
rocks  associated  with  the  latter  are  as  a  rule  of  later  date  than  those 
associated  with  the  former.  The  carbonates  usually  contain  a  less  per- 
centage of  iron  than  do  the  oxides;  3^et  occurring  generally  in  the  vicin- 
ity of  coal  fields  and  being  less  refractory  than  the  oxides,  their  econo- 
mic importance  is  quite  considerable. 

The  oxides  are  as  a  rule  associated  with  those  older  rocks  which 
have  been  subjected  to  great  alterations.  Their  mode  of  occurrence  is 
exceedingly  variable;  sometimes  we  find  them  in  irregular  ore  bodies, 
sometimes  in  beds  and  again  in  well  defined  veins.  As  no  rule  can  be 
laid  down  touching  their  occurrence  it  is  impossible  to  mark  out  any 
universal  mode  of  origin.  In  some  instances  they  may  have  been  de- 
posited as  oxides  from  water  entering  a  soluble  stratum  from  which 
substances  tending  to  precipitate  the  iron  could  be  taken  into  solution. 
There  are,  however,  other  instances  in  which  it  has  been  proved  beyond 
a  reasonable  doubt  that  the  oxides  have  resulted  from  the  oxidation 
and  concentration  of  an  original  carbonate.  It  is  quite  probable  that 
this  method  of  concentration  is  much  more  universal  than  has  been  be- 
lieved . 

The  originally  disseminated  and  but  slightly  soluble  forms  of  iron 
compounds  were  converted  into  the  soluble  carbonate  through  the 
agency  of  organic  matter.  The  carbonate  was  dissolved  and  carried 
into  some  precipitating  basin,  as  an  inlet  of  the  ocean.  Here  coming 
in  contact  with  solutions  of  an  alkaline  nature,  the  iron  was  precipi- 
tated as  an  impure  carbonate.  In  the  course  of  time  the  ocean  receded 
from  these  carbonate  rocks  leaving  them  subject  to  the  action  of  per- 
colating waters  by  which  they  have  been  oxidized  and  again  concen- 
trated. 

This  last  named  process  of  concentration  has  been  thoroughly 
investigated  by  Prof.  C.  R.  Van  Hise,  who  has  shown  that  the  high 
grade  hematite  ores  of  northern  Wisconsin  were  once  impure  cherty 
carbonates  of  iron.  Since  the  Mesabarange  in  Minnesota  is  regarded 
as  an  equivalent  of  the  iron  range  in  northern  Wisconsin,  the  same 
method  of  concentration  has  been  attributed  to  its  ores.    There  is  a 
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striking  difference  in  the  mode  of  occurrence  of  the  iron  bearing  rocks 
of  the  two  ranges.  Those  of  northern  Wisconsin  are  highly-  inclined 
while  those  of  the  Mesaba  range  dip  but  slightly.  Again  those  of 
northern  Wisconsin  are  cut  nearh^  at  right  angles  to  the  plane  of  sedi- 
mentation by  dikes  which  are  closely  associated  with  the  ore  bodies 
and  which  have  played  an  important  part  in  their  concentration.  So 
far  as  known  dikes  are  not  associated  with  the  Mesaba  or^^s,  only  a 
few  being  known  to  exist  on  the  entire  range.  It  is  quite  probable, 
however,  that  the  conditions  for  ore  deposition  are  similar  in  the  two 
localities,  and  that  the  level  position  of  the  iron  bearing  rocks  of  the 
Mesaba  range  has  tended  to  produce  results  similar  to  those  of  the 
highh'  inclined  formation  cut  by  dikes.  This  view  is  substantiated  bj"- 
numerous  thin  sections  from  the  Mesaba  iron  formation  made  and 
examined  133-  the  writer.  These  sections  show  that  in  certain  localities 
carbonates  are  ver^-  abundant  in  the  ore  horizon.  Thin  sections  made 
from  the  green  schists,  which  at  present  are  exposed  in  many  places 
onh^  a  short  distance  north  of  the  ore  beds  and  which  were  once  un 
doubtedly  covered  by  the  ore  formation,  prove  that  they  contain  a 
great  amount  of  carbonate  which  is  clearly  seen  to  be  of  secondary 
origin,  and  which  must  have  come  from  the  once  overlying  ferruginous 
rocks.  Again,  sections  from  other  localities  show  the  ore  horizon  to 
be  in  a  state  of  transition,  the  iron  oxide  filling  the  cleavage  cracks  of 
the  carbonate.  Considering  these  facts,  in  the  light  of  w^hat  has  been 
proved  with  reference  to  the  iron  ores  of  northern  Wisconsin,  there  can 
be  but  little  doubt  that  the  genesis  of  the  iron  ores  of  the  two  districts 
is  the  same. 

2.  Mining  the  ores. — We  have  now  the  ores  existing  as  oxides  or 
carbonates  in  deposits  of  varying  shapes.  The  plane  of  their  greatest 
extent  ma}'  be  highly  inclined  to  the  surface.  The  position  of  such  a 
deposit  partakes  of  the  natureof  avein,andtheminingof  itnecessitates 
theemploymentof  some  method  applicable  to  deep  and  extensive  work- 
ings. Again,  the  plane  of  the  greatest  extent  of  the  ore  deposit  maybe 
more  or  less  parallel  w^ith  the  surface,  i.  e.,  in  the  natural  position  of  a 
bed.  In  the  mining  of  such  deposits  the  depth  is  usualh'notso  import- 
ant a  factor. 

Mining  operations  depend  largely  on  the  nature  of  the  ore  and  its 
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occurrence.  Various  methods  are  emplo^'ed  according  to  conditions 
and  circumstances.  These  methods  may  be  divided  into  two  general 
classes,  one  of  which  is  characterized  by  "open  pits"  and  the  other  by 
"shafts  and  drifts."  The  open  pit  method  is  adapted  to  localities  as 
the  Mesaba  range  in  Minnesota,  where  the  ore  lies  near  the  surface. 
It  consists  in  first  removing  the  barren  material  from  the  surface  of 
the  ore.  This  is  called  "stripping."  An}-  applicable  method  of  exca- 
vation may  be  used,  If ,  the  surface  material  is  soft,  like  that  on  the 
Mesaba  range,  any  of  the  common  methods  for  handling  sands,  gravels 
and  clays  can  be  used.  Often  a  considerable  area  is  stripped  before  the 
ore  is  mined  out.  After  the  ore  has  been  removed  from  this  stripped 
area,  the  excavation  thus  made  ma3'  be  convenient^  used  to  receive 
the  strippings  from  the  next  area.  If  the  ore  is  hard,  blasting  must 
be  resorted  to  in  order  to  loosen  and  break  it  up  for  future  handling. 
Hand,  steam  or  compressed  air  drills  are  employed  for  making  the 
blast  holes.  Inclined  tramways  operated  by  stationary  engines  are 
usually  employed  for  removing  the  ore  and  material  from  the  pits. 
The  ore  is  stored  in  stock-piles  and  ore-bins  located  on  the  surface. 

The  second  method  of  shafts  and  drifts  is  the  more  universal. 
Shafts  are  rectangular,  vertical,  or  inclined  openings  connecting  the 
workings  of  the  mine  with  the  surface.  Their  w^alls  are  supported  by 
heavy  timbers.  Through  these  shafts  the  ore  is  brought  to  the  surface 
by  means  of  steam  or  electric  hoists,  operated  by  engines  in  the  hoist- 
ing-house, located  near  the  top  of  the  shaft.  Where  water  is  encount- 
ered the  draining  of  the  mine  is  accomplished  by  a  more  or  less  elabor- 
ate system  of  pumping  or  draining. 

Leading  from  the  shafts  at  various  levels  are  drifts,  i.  e.,  horizontal 
rectangular  openings,  extending  into  or  through  the  ore  and  dividing 
the  ore  body  into  numerous  blocks.  In  a  well  regulated  mine  these 
drifts  are  so  arranged  and  extended  from  time  to  time  that  a  given 
amount  of  ore  can  be  mined  without  materially  increasing  the  rate  of 
expenditure  per  ton. 

Extending  along  the  drifts  from  near  the  place  where  the  ore  is 
being  taken  out  to  the  shaft,  are  tracks  on  w^hich  run  cars  carrying  the 
ore  to  a  cage  or  skip  to  which  the  hoisting  cable  is  fastened. 

At  the  mouth  of  the  shaft  the  car  containing  the  ore  is  removed 
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from  the  skip  and  transferred  along  tracks  to  the  ore-bins,  stock-piles, 
concentrators  or  furnaces  as  circumstances  require.  When  the  trans- 
fer is  to  be  made  to  ore-bins  or  stock-piles  the  tracks  are  generally 
supported  on  trestles  twenty  feet  or  more  in  height.  This  is  for  the 
purpose  of  letting  gravity  assist  in  loading  the  cars  for  further  trans- 
portation. 

3.  Smelting  the  ores.  The  ore  obtained  from  the  mine  passes  in- 
to the  hands  of  the  smelter  who  extracts  the  metal  from  it.  Smelting 
is  carried  on  in  a  blast  furnace.  This  is  a  huge,  upright  furnace,  in 
which  the  ore,  in  connection  with  flux  and  fuel,  is  reduced  and  melted 
by  the  aid  of  a  hot  blast  forced  into  the  bottom  of  the  furnace  thro  ugh 
pipes  by  means  of  fans  or  blowing  engines. 

The  flux  is  the  material  with  which  many  of  the  impurities  of  the 
ore  will  unite,  forming  a  fusible  slag  which  can  be  separated  from  the 
metal.  All  impurities  cannot  thus  be  removed;  phosphorus  and  sul- 
I^hur,  the  principal  injurious  impurities  do  not  pass  into  the  slag. 
Having  great  afiinity  for  iron  they  can  but  partially  be  removed  at 
the  expense  of  considerable  iron. 

The  fuel  used  ma\^  be  either  charcoal  or  coke.  It  should  contain 
no  sulphur  nor  phosphorus.  Charcoal  yields  a  superior  pig  iron,  owing 
to  its  more  suitable  composition.  It  is,  however,  not  adapted  to  large 
furnaces  because  of  its  friable  nature.  The  fuel  furnishes  the  reducing 
agent  as  well  as  the  heat  necessary,  both  for  the  reduction  of  the  ores 
and  the  separation  of  the  impurities. 

Blast  furnaces  vary  greatly  in  size  and  shape.  The  proportions  of 
the  various  parts  are  more  or  less  determined  by  the  nature  of  the  ore 
smelted  and  the  fuel  used.  Nearly  all  blast  furnaces  are  circular  in  sec- 
tion and  varv'  in  height  from  thirty-five  to  eighty -five  feet.  They  are 
usually  formed  b3^  lining  an  outer  iron  casing  with  several  inches  of  re- 
fractory material.  The  lowest  part  of  the  furnace  is  called  the  hearth. 
This  is  where  the  greatest  temperature  is  obtained.  Into  the  lowest 
part  of  the  hearth  settles  the  melted  iron  and  slag,  which  are  drawn 
off  at  required  intervals  fr6m  the  furnace  through  tap-holes.  Above 
the  tap-holes  are  the  tuyeres.  These  are  the  pipes  through  which 
the  air  is  forced  into  the  furnace.  They  are  usually  made  from  wrought 


86  Peter  H.  Christianson. 

iron,  having  double  walls  between  which  water  is  continually  circulat- 
ing to  keep  them  from  melting  in  the  enormous  heat. 

The  widest  part  of  the  furnace,  directly  above  the  hearth,  is  called 
the  boshes.  Above  the  boshes  is  the  stack,  which  is  usually  somewhat 
tapering  towards  the  top  to  facilitate  the  collecting  of  the  gases.  The 
top  of  the  furnace  is  closed  by  means  of  a  specially  constructed  appa- 
ratus which  prevents  the  gases  from  escaping  and  allows  the  charging 
of  the  furnace.  As  the  furnace  is  charged  from  the  top  some  contriv- 
ance in  the  form  of  a  steam  lift  or  inclined  plane  for  elevating  the 
charge  is  necessary.  The  gases  are  collected  and  used  to  heat  the  air 
for  the  blast  in  specially  constructed  heaters. 

In  the  operation  of  the  blast  furnace  the  following  steps  may  be 
noted :  First,  the  calcination  of  the  charge,  i.  e.,  the  driving  out  of  the 
moisture;  second,  the  reduction  of  the  oxide  at  a  temperature  below 
the  melting  point;  third,  the  carbonization  of  the  metal  at  a  higher 
temperature,  but  yet  below  fusion;  fourth,  the  fusion  of  the  entire 
mass  so  as  to  enable  the  iron  and  the  impurities  to  separate  according 
to  their  specific  gravities.  These  steps  take  place  more  or  less  in  the 
order  named  as  the  charge  descends  to  the  bottom  of  the  furnace. 
Here  the  slag  and  iron  separate.  They  are  usualh^  tapped  through 
separate  tap-holes.  The  iron  is  run  into  moulds  of  varying  construc- 
tion, depending  on  the  purpose  for  which  the  iron  is  to  be  used.  Sand 
moulds  allow  it  to  cool  slowly.  This  is  desirable  if  the  iron  is  for 
foundry  purposes;  but  if  it  is  to  be  converted  into  wrought  iron,  it 
should  be  cooled  quickly  in  iron  moulds. 

The  name  pig-iron  is  derived  from  the  manner  of  arranging  the 
branch  moulds  around  the  feeder  or  main  moulds.  It  is  a  term  applied 
to  the  iron  produced  by  the  blast  furnace  process.  The  composition  is 
quite  variable.  In  general  it  is  a  combination  of  iron  with  carbon  and 
silicon.  It  also  usually  contains  small  amounts  of  sulphur,  phosphorus 
and  manganese  and  sometimes  traces  of  copper,  arsenic,  etc.  Its  spec- 
ific gravity  is  from  7  to  7.5. 

Silicon  is  one  of  the  elements  entering  quite  freely  into  the  compo- 
sition of  pig-iron.  It  may  be  present  in  proportions  varying  from  0.1 
to  5  per  cent.    Its  presence  is  very  necessary  in  pig-iron  intended  for 
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the  Bessemer  process ;  but  its  presence  in  large  quantities  diminishes 
the  strength  of  the  metal  for  foundry'  work. 

Aside  from  the  iron  the  carbon  is  the  most  important  element  of 
pig-iron.  Its  percentage  varies  from  2  to  5.5.  It  ma\'  exist  in  the 
form  of  a  chemical  combination  with  the  iron  or  in  the  graphitic 
state.  Many  of  the  physical  characteristics  of  pig-iron,  such  as 
hardness,  color  and  character  of  fracture,  depend  on  the  form  in 
which  its  carbon  exists.  If  the  carbon  is  all  graphitic  the  iron  is 
tough,  has  a  dark  gray  color  and  is  best  adapted  to  foundry  purposes. 
Gray  iron  is  produced  b^^  high  heat  in  the  blast  furnace  and  cooling 
slowly  when  tapped.  If  nearh^  all  the  carbon  is  in  the  combined  state, 
the  pig-iron  is  more  brittle,  and  has  a  white  color  and  cr\'stalline  tex- 
ture.   Gray  iron  ma\'  be  changed  to  white  iron  b^^  rapid  cooling. 

A  small  amount  of  sulphur  and  phosphorus  may  be  present  in  pig- 
iron,  without  injuring  it  for  foundry-  purposes ;  but  0.03  per  cent  of  sul- 
phur or  0.3  per  cent  of  phosphorus  makes  it  unfit  for  co verting  into 
wrought  iron,  and  pig-iron  containing  over  0.08  per  cent  of  phos- 
phorus or  sulphur  is  not  suitable  for  making  steel,  except  b3'  the  basic 
Bessemer  process. 

To  summarize : 

1.  The  iron  was  originallj-  disseminated  throughout  the  crystal- 
line rocks. 

2.  The  crystalline  rocks  have  suffered  enormous  erosion  and  sub- 
aerial  disintegration.    ' 

3.  In  the  presence  of  organic  matter  the  iron  was  taken  into  solu- 
tion by  the  percolating  w^aters  and  in  a  large  number  of  cases  w^as  re- 
deposited  as  a  carbonate  in  some  precipitating  basin. 

4.  In  case  of  the  more  recent  rocks  these  carbonates  have  been 
but  slightly  changed  while  in  the  older  rocks  the  carbonates  have  been 
converted  into  oxides  and  at  the  same  time  have  passed  through  a 
process  of  concentration. 

5.  The  ore  is  mined,  i.  e.,  it  is  loosened,  loaded  into  cars  or  buckets, 
hoisted  to  the  surface  and  prepared  for  further  treatment. 

6.  It  is  transported  to  the  smelter  where  it  is  reduced,  carbonized, 
fused  and  separated  from  the  impurities  in  a  blast  furnace. 

7.  The  product  is  moulded  into  commercial  pig-iron. 
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THE  CHEMISTRY  OF  IRON. 

J.  Frank  Corbett,  '94. 

In  treating  of  the  Chemistry  of  Iron  a  review  of  its  most  essential 
physical  properties  is  necesssary,  since  the  physical  and  chemical  prop- 
erties are  so  intimately  related. 

Iron  has  a  peculiar  gray  color  and  strong  metallic  lustre,  which  are 
heightened  by  polishing.  In  ductility  and  malleability  it  is  inferior  to 
several  metals,  but  exceeds  them  all  in  tenacity.  At  ordinary  temper- 
atures it  is  hard  and  unyielding.  This  hardness  may  be  increased  by 
heating  and  suddenly  cooling,  thus  rendering  it  brittle.  When  heated 
to  redness  it  is  remarkably  soft  and  pliable  so  that  it  may  be  beaten 
into  any  form  or  welded.  Its  texture  is  fibrous.  Its  specific  gravity  is 
7.788,  varying  according  to  the  degree  to  which  it  has  been  rolled, 
hammered  or  drawn,  and  is  increased  by  fusion.  It  is  attracted  by  the 
magnet  and  may  itself  be  rendered  magnetic.  It  retains  this  property 
however  only  w^ithin  certain  limits  of  temperature.  Iron  ceases  to  be 
attracted  when  heated  to  an  orange  red.  This  description  applies  to 
commercial  wrought  iron,  which  is  nearly  chemically  pure.  The  differ- 
ence in  appearance  and  properties  commonly  seen  in  wrought  iron, 
cast  iron  and  steel  is  due  to  the  rapidity  of  cooling,  amount  of  rolling 
and  presence  of  other  chemical  elements.  These  three  divisions  all 
merge  into  one  another  by  such  imperceptible  degrees  that  no  sharp 
line  of  distinction  can  be  drawn. 

The  crude  product  obtained  from  the  reduction  of  iron  ores  in  the 
blast  furnace  is  known  as  cast  iron.  It  is  not  malleable,  particularly 
when  hot,  )Dut  may  be  hardened  by  sudden  cooling.  Carbon  and  vari- 
ous impurities  always  exist  in  cast  iron  in  small  proportion  to  no  great 
injury,  but  the  quantity  must  be  limited.  Certain  amounts  of  sulphur 
and  phosphorus  are  especially  injurious.  Other  metals,  such  as  copper, 
manganese,  chromium^  nickel,  titanium  and  cobalt,  are  generally  found, 
but  in  such  small  quantities  as  not  to  affect  the  iron. 
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Wrought  iron  is  the  term  applied  to  the  more  or  less  refined  metal 
produced  from  pig  iron  or  from  the  ores;  it  is  malleable  and  ductile, 
both  hot  and  cold,  but  cannot  be  tempered. 

Steel  forms  an  intermediate  link  between  ordinary  cast  iron  and 
wrough  iron,  uniting  in  a  degree  the  properties  of  both ;  its  disinguish- 
ing  character  is  its  capability  of  being  hardened  or  softened  by  rapid 
or  slow  cooling.  It  cannot  be  said  where  steel  begins  and  where  it 
ends.  It  is  a  member  of  a  series  commencing  w^ith  the  most  impure  pig 
iron  and  ending  with  the  softest  and  purest  malleable  iron.  In  ductil- 
ity and  malleabilit\'  steel  is  far  inferior  to  wrought  iron,  but  exceeds  it 
in  hardness.  Its  texture  is  also  more  compact  and  it  is  susceptible  of  a 
higher  polish.  It  sustains  a  full  red  heat  without  fusion,  being  more 
fusible  than  wrought  iron,  but  less  so  than  cast  iron.  Cast  steel  is  the 
closest  grained  and  most  uniform  variety'.  Cast  iron  and  steel  cr^-stal- 
lize  in  the  regular  system  while  wrought  iron  is  fibrous,  a  condition 
resulting  mainh'  from  mechanical  causes.  Pure  iron  is  generally  ob- 
tained as  a  powder,  and  as  such  is  a  grey  uniform  mass;  cannot  be 
made  permanentlx'  magnetic;  has  aconstant  specific  gravity  and  at  or- 
dinar\'  temperatures  will  burn  in  open  air. 

Iron  in  its  ordinary  state  has  a  strong  affinitj'  for  oxA'gen.  In  a 
perfectly  dry  atmosphere  it  undergoes  no  change  but  when  moisture  is 
present  its  rusting  is  rapid.  In  the  first  part  of  the  change  ferrous 
carbonate  is  formed;  but  the  carbonate  rapidly  passes  into  the  hyd- 
rated  sesquioxide  and  carbonic  acid  is  evolved.  Rust  of  iron  alwa\'S 
contains  ammonia,  a  circumstance  which  indicates  that  the  oxidation 
is  accompanied  by  decomposition  of  water,  the  nitrogen  in  the  air 
uniting  with  the  hydrogen  set  free  by  the  iron  uniting  with  the  oxy- 
gen of  water.  Chevallier  has  observed  that  ammonia  is  present  in 
many  of  the  iron  ores. 

Heated  to  redness  in  the  open  air,  iron  absorbs  oxygen  rap- 
idh'  and  is  converted  into  the  black  oxide  of  iron.  Chemically 
pure  iron,  prepared  b\'  reducing  pure  sesqui-oxide  of  iron  b^'hx'drogen, 
may  be  obtained  at  a  heat  below  redness;  but  the  iron,  when  thus  re- 
duced, on  being  exposed  to  the  air  takes  fire  spontaneously  and  bums 
to  the  black  magnetic  oxide.  This  property,  which  Magnus  has 
noted  in  nickel  and  cobalt  prepared  in  a  similar  manner,  appears  to 
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depend  upon  the  finely  divided  and  expanded  state  of  the  metallic 
mass;  for  when  the  reduction  is  effected  at  a  red  heat,  which  enables 
the  metal  to  acquire  its  natural  degree  of  compactness,  this  phenome- 
non is  not  observed.  Iron  decomposes  the  vapour  of  water  by  uniting 
with  its  oxygen  at  all  temperatures  from  a  dull  red  to  a  white  heat,  a 
singular  fact  when  it  is  considered  that  at  the  very  same  temperature 
the  oxides  of  iron  are  reduced  to  the  metallic  state  by  hydrogen  gas. 

The  action  of  nitric  acid  on  iron  is  attended  by  a  series  of  very  re- 
markable phenomena,  which  were  first  observed  by  Prof.  Schoenbein 
in  1830.  He  observed  that  nitric  acid,  sp.  gr.  1.35,  though  capable  of 
acting  with  great  violence  on  ordinary  iron,  was  perfectlj'  inert  on  a 
portion  of  iron  wire  which  had  been  made  red  hot  previous  to  its  intro- 
duction into  the  acid.  He  found  that  this  indifference  to  nitric  acid 
may  be  communicated  :  1st,  by  mere  contact  from  one  iron  wire  to 
another;  2d,  by  submersion  for  a  few  moments  in  strong  nitric  acid; 
3d,  by  making  it  the  positive  electrode  of  a  galvanic  current,  the  nega- 
tive electrode  having  been  introduced  into  nitric  acid.  Faraday,  who 
also  experimented  along  this  line,  found  that  the  same  property  is  com- 
municated to  iron  by  contact  with  platinum  and  that  the  same  effect 
is  not  limited  to  nitric  acid,  but  extends  to  various  saline  solutions 
which  are  usually  acted  upon  by  iron.  Acid  of  less  specific  gravity 
than  1.299  does  not  produce  passivity;  but  if  an  iron  rod  is  dipped 
into  concentrated  nitric  acid  and  the  whole  immersed  in  dilute  acid, 
the  entire  rod  is  passive. 

These  facts  are  explained  by  Yarrenne,  by  supposing  a  gaseous  film 
to  be  deposited  on  the  surface  of  the  iron,  which  protects  it  and  the 
gas  to  be  absorbed  in  the  dilute  acid.  In  the  case  of  the  partially  im- 
mersed rod  the  gas  bubbles  are  removed  from  one  part  and  adhere  to 
another.  Ramann  considers  the  passivity  due  to  a  layer  of  oxide  of 
iron,  which  is  soluble  in  dilute  but  insoluble  in  strong  nitric  acid.  This 
view  is  supported  by  the  fact  that  iron  is  rendered  passive  by  potas- 
sium chlorate,  chromic  anhydride  and  hj-drogen  peroxide,  since  these 
are  all  oxidizing  agents  and  the  passivity  of  iron  is  removed  bj'  rub- 
bing or  by  heating  in  reducing  gases. 

Iron  is  distinctly  a  metallic  element;  it  replaces  the  h3'drogen  of 
acids  forming  two  series  of  compounds,  represented  by  the  formula 


The  Chemistry  of  Iron.  91 

Fe  X.  and  Fe  Xg  respectiveh-  X  representingCl,  N  O3,  ^-\  -^S  etc.  Those 
compounds  of  the  first  class  are  called  ferrous  compounds;  of  the  latter, 
ferric  compounds.  The  ferrous  salts  are  readih^  oxidized  to  the  ferric 
form.  Many  salts,  both  normal  and  basic  of  both  series,  have  been  is- 
olated, and  numerous  double  salts  are  also  known.  Ferric  oxide formis 
compounds  with  several  oxides  more  basic  than  itself;  e.g.  with  potas- 
sium oxide,  barium  oxide  and  calcium  oxide.  These  compounds  maj- 
be  regarded  as  ferrites  derived  from  the  hydrates.  There  are  also  some 
salts  known  as  ferrates  derived  from  the  hypothetical  ferric  acid. 

Iron  readily  combines  with  the  halogens.  It  is  interesting  to  note 
that  the  onh' compounds  of  iron  that  have  been  gasified  are  the  ferrous 
and  ferric  chlorides.  The  latter  has  a  molecular  formula,  Fe  Cl.>  at 
1300°  to  1600°;  but  there  is  evidence  of  the  existence  of  molecules  of 
Fe  CI4  at  lower  temperatures.  The  ferric  chloride  appears  to  exist 
as  Fe  Clg  and  Fe  CI3.  The  haloid  salts  of  iron  are  soluble  in  water,  but 
are  decomposed  b\'  much  water.  A  peculiar  property  of  iron  is  that  at 
a  high  temperature  it  will  absorb  46  per  cent  of  its  volume  of  h^-dro- 
gen,  indicating  that  a  hydride  may  exist. 

Three  oxides  of  iron  have  been  isolated  FeO,  Fe^  O4  and  Fe2  03.  The 
first  and  last  unite  with  acids  to  form  ferrous  and  ferric  salts  respec- 
tivelv.  According  to  Lefort,  a  few  salts  corresponding  to  Fca  O^  are 
known;  e.  g.  Fcg  Clg,  Fcg  (804)4  +  2  SO.  -f  15  H2  O.  Besides  these  ox- 
ides we  have  also,  as  the  anhydride  of  the  hypothetical  acid  of  the  fer- 
rates, an  oxide  represented  b\'  FeOg.  The  ferrous  oxide  is  a  black,  gen- 
erally, pyrophoric  powder  which  burns  to  ferric  or  ferro-ferric  oxide, 
according  to  completeness  of  combustion.  The  sesqui-oxide,  Fe.  O3,  is 
a  red  powder,  to  which  almost  all  compounds  of  iron  will  change  if 
exposed  to  the  air.  The  ferro-ferric  oxide,  Fcs  O4,  is  a  black  substance 
most  comraonh'  seen  as  scales  on  iron.  It  does  not  seem  entireh*  im- 
probable that  this  so  called  oxide  maybe  a  ferrous  salt  of  ferric  acid. 

Carbon  and  iron  unite  in  many  diflferent  proportions.  Carbide  of 
iron  may  be  made  by  exposing  iron  and  carbon,  away  from  the  air,  to 
intense  heat  for  a  long  period  of  time.  This  compound  contains  about 
10  per  cent  of  carbon  and  is  found  in  some  grades  of  cast  iron,  though 
a  considerable  per  cent  of  carbon  in  other  grades  of  cast  iron  is  me- 
chanicalh-  mixed.    Upon  the  amount  and  condition  of  carbon  in  cast 
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iron  depends,  to  a  large  degree,  the  grade  of  iron — ranging  from  white 
to  gray.  The  former  is  hard  and  brittle,  sometimes  breaking  like  glass 
from  sudden  change  of  temperature ;  while  thelatter  is  softer  and  much 
more  tenacious.  The  white  may  be  converted  into  the  gray  by  ex- 
posure to  strong  and  long  continued  heat,  and  cooling  slowly.  Con- 
versely the  gray  may  be  changed  into  the  white  by  being  heated  and 
rapidly  cooled. 

The  oxy-salts  of  iron  are  included  in  two  general  classes — ferrous 
and  ferric.  The  former  are  mostly  normal  and  are  soluble  in  water. 
They  include  a  large  number  of  double  salts  and  exhibit  many  isomor- 
phous  forms  with  the  corresponding  salts  of  cobalt,  nickel,  manganese, 
zinc  and  magnesium.  The  ferric  salts  include  many  double  and  basic 
salts,  some  of  which  are  insoluble  in  Mrater.  They  are  generally  anal- 
ogous to  the  persalts  of  alumina,  chromium,  cobalt,  nickel  and  man- 
ganese. The  following  is  a  list  of  important  salts  of  iron :  carbonates, 
nitrates,  sulphates,  antimoniates,  chlorates,  chromatcs,  phosphates, 
titanates,  tungstates,  iodates,  borates  and  arsenates. 

The  organic  salts  of  iron,  so  far  as  numbers  are  concerned,  occupy 
considerable  space,  but  are  rare  and  unimportant  in  nature.  They 
find  their  chief  use  in  medicine,  and  are  generally  basic  and  double 
salts.  Two  important  salts  are  citrate  of  iron  and  tartrate  of  iron 
and  potash. 

Iron  alloys  with  manganese,  aluminum,  lead,  mercury,  antimony, 
copper,  chromium,  tin  and  zinc. 

Owing  to  certain  similarities  of  chemical  and  physical  properties, 
iron,  cobalt,  nickel,  manganese  and  chromium  are  generally  grouped 
together.    Below  is  a  brief  table  showing  some  of  these  similarities : 


Atomic  weight. 
Specific  gravity' 

Specific  heat 

Melting  point.. 


Iron. 


55.9 

7.9 

112.0 

1,800.0 


Nickel. 

Cobalt. 

58.6 

58.6 

8.8 

8.5 

108.0 

107.0 

1,600.0 

1,500.0 

Manganese 


55.0 

8.0 


1,500.0 


All  are  magnetic  and  crystallize  in  cubic  form. 
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THE  BESSEMER  PROCESS. 

Harry  E.  White,  '93. 

The  discoverA'  of  large  quantities  of  high  grade  Bessemer  ore  in 
Minnesota,  together  with  the  greatly  increased  use  of  Bessemer  steel, 
makes  the  Bessemer  process  a  subject  of  imusual  interest. 

Steel  is  a  compound  of  iron  and  carbon  generally  containing  from 
0.3  to  2  per  cent,  of  carbon.  The  temper  depends  upon  the  amount  of 
carbon  and  the  manner  of  its  combination  with  the  iron.  Steel  must 
be  free  from  impurities ;  0.1  per  cent,  of  phosphorus  renders  it  unwork- 
able at  ordinary'  temperatures,  and  0.3  per  cent,  of  sulphur  renders  it 
unworkable  at  a  red  heat.  Steel  holds  in  its  chemical  composition  an 
intermediate  position  between  wrought  iron  and  cast  iron ;  the  point 
w^here  wrought  iron  ends  and  cast  iron  begins  cannot  be  precisely  de- 
termined. Steel  possesses  the  phj-sical  propertj^  of  greater  strength  in 
proportion  to  its  weight  than  wrought  iron,  and  retains  to  some  de- 
gree the  malleability  of  the  latter.  This  has  led  to  the  extended  use  of 
the  milder  varieties  of  steel  as  a  material  for  construction.  It  is  espec- 
ially useful  where  lightness  and  strength  united  with  durability  are 
required. 

The  former  methods  for  the  production  of  steel,  however,  w^ere  too 
costh'  to  make  its  use  practicable  in  many  lines  of  manufacturing,  but 
the  Bessemer  process  has  in  a  large  measure  met  the  demand  for  a 
cheap  material  of  high  quality. 

There  are  man3'  other  processes  at  present  used  in  the  manufacture 
of  particular  varieties  of  steel,  or  to  work  up  impure  ores,  rather  than 
for  general  production. 

The  essential  difference  between  the  Bessemer  and  other  processes 
is,  that  in  the  former  the  iron  is  completely  decarbonized  and  a  definite 
amount  of  carbon  again  introduced  hj  the  addition  of  spiegeleisen,  a 
compound  of  iron,  carbon  and  manganese.    In  nearly  all  the  other 
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processes  the  iron  is  only  partially  decarbonized.  In  the  older  processes 
phosphorus  is  largely  eliminated,  while  it  is  not  sensibly  affected  by  the 
ordinary  Bessemer  process.  Phosphorus  can  be  disposed  of,  however, 
bj"  a  modification  of  the  ordinary  or  acid  process,  called  the  basic  pro- 
cess. 

The  Bessemer  converter  is  a  round  pear  shaped  vessel  with  a  con- 
tracted opening  from  which  the  metal  is  poured.    The  peculiar  shape 
of  the  opening  prevents  the  escape  of  the  metal  during  the  blow.    The 
converter  consists  of  two  parts,  the  outer  or  wrought  iron  shell  made 
of  plates,  five-eights  to  seven-eights  of  an  inch  in  thickness.     The 
lining  is  a  foot  or  more  in  thickness,  and  consists  of  ganister  or  other 
refractory  material  of  an  acid  character.    The  bottom,  which  in  nearly 
all  American  converters  is  removable,  is  covered  with  the  same  mate- 
rial as  that  of  which  the  lining  is  composed.    In  the  lower  part  of  the 
bottom  is  the  air  space,  which  is  connected  with  the  body  of  the  con- 
verter by  means  of  tuyeres.    The  converter  is  set  in  a  band  or  trunnion, 
having  two  arms,  one  of  which  is  solid  and  is  geared  so  as  to  rotate 
the  vessel.    The  other  arm  is  hollow  and  through  it  the  compressed  air 
for  the  blast  reaches  the  air  space.    The  converter,  after  having  been 
properl^^  lined,  is  heated  to  redness.    It  is  then  turned  down  to  receive 
its  charge  of  molten  metal,  the  blast  is  turned  on  and  the  vessel  brought 
back  to  a  vertical  position. 

During  the  first  three  or  four  minutes  of  the  blow  a  shower  of 
sparks  accompanied  by  a  pale  flame  issues  from  the  mouth  of  the  con- 
verter; next  an  intense,  unsteady  yellow^  flame  is  seen  for  five  or  six 
minutes.  The  pressure  of  the  blast  is  then  lessened,  and  the  boiling 
stage  continues  for  eight  or  ten  minutes,  when  the  flame  becomes  a 
pale  rose  color  for  a  moment  and  then  disappears  entirely,  showing 
that  the  carbon,  silicon  and  manganese  are  oxidized.  At  this  point 
the  converter  is  quickly  turned  down  and  the  blast  shut  off;  for  if  the 
process  were  continued  further  the  iron  would  be  oxidized.  The  desired 
amount  of  carbon  is  then  added  in  the  form  of  molten  Spiegel.  The 
manganese  serves  the  double  purpose  of  preventing  the  oxidation  of  the 
iron,  and  after  becoming  oxidized  of  forming  a  silicate  of  maganese.  It 
thus  serves  as  a  flux  for  the  silicon. 

The  operation  of  the  basic  process  does  not  differ  materially  from 
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that  of  the  acid  process.  In  the  basic  process  there  is  a  basic  lining  to 
the  converter,  generally  of  dolomite  instead  of  the  acid  ganister  of  the 
ordinary  process.  The  iron  for  the  basic  process  should  be  low  in  sili- 
con, and  it  should  contain  at  least  2  per  cent,  of  phosphorus  to  gener- 
ate the  heat  which  in  the  acid  process  is  produced  by  the  oxidation  of 
the  larger  amount  of  silicon.  While  asgood  a  quality  of  steel  can  be 
produced  from  pig-iron  high  in  phosphorus,  the  lining  of  the  furnace  is 
carried  away  more  quickly  bj^  the  basic  than  b}'  the  acid  process.  Ow- 
ing to  the  large  amount  of  ore  in  this  country,  low  in  phosphorus,  but 
little  use  has  been  made  of  the  basic  process,  which  is  used  quite  exten- 
sively in  Germany  and  England. 

The  size  and  number  of  converters  used  in  a  plant  depend  on  the 
nature  of  the  output.  If  the  production  is  small  and  for  some  special 
purpose,  one  3  or  4  ton  converter  is  used,  but  if  large  production  is  de- 
sired three  10  or  12  ton  converters  would  be  required  to  meet  demands. 
Usualh'  two  converters  are  in  constant  use,  one  in  blast,  another  dis- 
charging and  receiving  a  charge,  and  the  third  undergoing  repairs  or 
read\^  to  take  the  place  of  either  of  the  others. 

The  iron  in  large  plants  is  taken  direct  from  the  smelter.  It  is 
either  run  in  by  inclined  spouts  or  carried  by  means  of  huge  ladles.  Ow- 
ing to  better  arrangement  and  management,  more  steel  can  be  pro- 
duced per  man  in  this  country  than  in  Europe. 

In  1872  the  United  States  produced  142,954  long  tons  of  steel;  in 
1890,  4,277,071  long  tons,  while  Great  Britain  produced  only  3,679,- 
043  long  tons  during  the  same  year. 

The  Bessemer  process  has  played  an  important  part  in  the  steel  pro- 
duction of  this  country.  In  1890  the  United  States  produced  3,688,871 
long  tons  of  Bessemer  steel,  while  only  a  little  over  500,000  long  tons 
were  made  bj^  all  other  methods.  Great  Britain  produced  nearly  1,700,- 
000  long  tons  by  all  other  processes. 

In  all  methods  for  producing  steel,  except  the  Bessemer,  the  great 
item  of  expense  is  labor.  Great  Britain  with  her  cheap  labor  would 
have  made  it  impossible  for  the  United  States  to  attain  its  present  rank 
in  the  steel  industry-  had  it  not  been  for  the  Bessemer  process. 
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WIND  MILLS  FOR  ELECTRIC  LIGHTING. 
George  H.  Morse,  '93. 

With  the  introduction  of  any  new  departure  from  existing  indus- 
trial methods  the  following  questions  must  be  satisfactorily  answered: 
First,  can  this  be  done?  Second,  how  ma\^  it  best  be  done?  Third, 
will  the  returns  pay  a  proper  interest  on  capita!  invested. 

The  first  two  of  these  questions,  wnth  reference  to  the  generation 
and  storage  of  electricity'  by  the  use  of  wnnd  mills,  have  been  well  an- 
swered by  the  recent  experiments  of  a  number  of  able  engineers. 

Experiments  of  Charles  F.  Brush.  Mr.  Brush,  electrician  of 
the  Brush  Company-,  has  in  his  private  grounds  at  Cleveland,  Ohio,  a 
fine  example  of  an  electric  wind  plant.  Neither  time  nor  money  has 
been  spared  in  making  this  plant  a  thorough  success.  A  very 
good  description  was  given  in  the  Scientitic  American,  December 
20,  1890,  p.  889.  The  wind-wheel  which  is  of  the  American  pattern 
having  a  diameter  of  56  feet,  furnishes  power  to  run  the  plant 
which  contains  350  incandescent  lamps,  two  arc  lights  and  three 
electric  motors.  About  100  of  the  incandescent  lamps  are  in 
every  day  use.  The  electricity  is  furnished  by  one  1200  watt  Brush 
dynamo  having  a  speed  at  full  load  of  500  revolutions  per  minute.  The 
dynamo  is  automatically  arranged  to  be  thrown  into  circuit  at  330 
revolutions  per  minute,  the  electromotive  force  being  limited  to  90 
volts.  There  are  408  secondar\^  battery  cells,  each  having  a  capacitj^ 
of  100  ampere  hours.  These  cells  are  charged  and  discharged  in  12 
batteries  of  34  cells  each. 

Professor  Blyth^s  experiments.  A  description  of  these  experi- 
ments was  given  in  the  London  Electrical  Review,  and  an  abstract  of 
the  same  may  be  found  in  the  Electrical  Engineer,  August  31,  1892. 
Professor  J.  Blj^th  devised  a  peculiar  form  of  apparatus  in  order  to  do 
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away  with  some  of  the  inconveniences  attendant  upon  the  use  of  the 
more  common  form  of  windmill. 

Quoting  from  the  article  mentioned  above:  "It  consists  of  four 
hemispherical  cups  attached  to  four  arms,  and  moving  in  a  horizontal 
plane  about  a  vertical  axis.  From  the  theory  of  this  instrument  (Rob- 
inson's anemometer)  which  is,  however,  only  approximate,  it  appeared 
that  whatever  might  be  the  speed  of  the  wind,  the  speed  of  the  cups 
attained  a  certain  ferm/wa/ value,  such  that  the  couple  due  to  the  wind 
pressure  was  exactly  equal  to  that  produced  by  the  resistance  to  the 
motion  through  the  air,  and  the  friction  on  the  bearings. 

Last  summer  I  erected  a  machine  of  this  kind,  which  has  been  con- 
siderabh'  improved  within  the  past  three  months.  The  cups  are  re- 
placed by  semi-cylindrical  boxes  attached  to  four  strong  arms,  each 
about  26  feet  long — the  opening  of  each  box  is  10  feet  by  6  feet,  and 
the  vertical  shaft  is  a  long  rod  of  iron  5  inches  in  diameter.  At  the 
lower  end  it  carries  a  massive  pit  wheel  which  actuates  a  train  of 
gearing,  and  drives  a  flywheel,  6  feet  in  diameter,  with  the  requisite 
speed  for  driving  a  dynamo  connected  with  it  by  a  belt  in  the  ordinary 
way.  This  machine  worked  most  satisfactorih^,  and  with  a  fair  wind 
speed  gave  about  2  electrical  horse-power.  I  also  tested  it  in  a  strong 
gale,  by  allowing  it  to  run  with  no  load,  and  the  result  was  perfecth' 
satisfactory-  as  a  safe  terminal  speed  was  attained,  and  all  racing 
avoided.  Hence  I  think  that  electrical  windmills,  at  least  for  small  in- 
stallations, are  likeh'  to  assume  this  form,  as  there  is  no  limit  to  the 
size  and  strength  with  which  they  maj- be  constructed,  and  if  necessary, 
several  could  be  placed  in  any  well  exposed  position,  each  having  its 
own  dynamo  and  set  of  accumulators.  During  the  past  few  months 
I  have  increased  the  power  of  the  machine  by  adding  an  auxiliary  box 
to  each  arm  with  a  gap  between  it  and  the  previous  one.  This  I  find 
to  be  better  than  merely  increasing  the  size  of  the  previous  box." 

Experiments,  using  the  Halladay  windmill. —  Two  notable  experi- 
ments upon  this  subject  have  been  made,  in  each  of  which  the  Halla- 
day wind-mill  has  been  used  with  great  success.  This  mill  is  of  the 
American  type  and  seems  to  be  a  favorite,  owing  to  ease  of  regulation. 

Messrs  T.  E.  Carwardine  &  Co.'s  wind  plant. —  We  find  in  the 
Engineer,  London,  April  1st,  1892,  the  following :  "  An  electrical  instal- 
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lation  has  been  made  at  Messrs  T.  E.  Carwardine  &  Co.'s  flour  mill 
in  the  City  Road,  E.  C,  and  seems  to  fulfil  both  the  requirements  indi- 
cated (i.  e.,  storage  accommodation  and  method  of  regulation). 

One  of  Messrs  Alfred  Williams  &  Co.'s  Halladay  windmills 
erected  on  the  roof  of  the  building  on  substantial  timber  supports, 
hitherto  used  for  making  wheatmeal  and  working  elevators,  has  been 
set  to  drive  an  Elwell-Parker  dynamo  capable  of  developing  a  current 
of  about  30  amperes  with  70  volts  pressure.  The  windmill  drives  this 
at  a  rate  which,  taken  with  the  use  of  the  governor  and  cut-out  em- 
ployed, is  sufficiently  uniform  to  charge  a  battery  of  28  E.  P.  S.  ac- 
cumulators. From  this  battery  sufficient  electricity  is  obtained  for 
two  1,500  candle  power  arc -lamps  and  several  incandescent 
lamps.  The  windmill  consists  of  a  sectional  wheel  with  a  vane  at  the 
back,  the  whole  arrangement  being  mounted  on  a  turntable.  The 
vane  acts  as  a  rudder  and  keeps  the  wheel  always  facing  the  wind. 
The  wheel,  which  is  30  feet  in  diameter,  consists  of  a  skeleton  frame- 
w^ork,  into  which  a  series  of  wooden  sections  are  centered,  and  these 
are  connected  with  counterbalance  weights  which  act  as  governors, 
and  caUvSe  the  sections  to  open  and  shut  according  to  the  strength  of 
the  wind  blowing,  thus  obtaining  a  comparatively  uniform  speed. 
By  means  of  a  sliding  contact  \vorked  by  a  governor  on  the  dynamo 
shaft,  the  charging  circuit  of  the  electrical  apparatus  is  switched  on 
when  the  speed  is  high  enough,  and  switched  off"  when  it  drops  too 
low,  and  there  is  also  an  automatic  switch  which  reduces  the  existing 
current  when  the  speed  is  too  high,  and  thus  prevents  too  much  cur- 
rent being  forced  into  the  cells  at  any  time.  In  addition  to  this  there 
is  a  resistance  in  the  main  circuit  which  aids  the  automatic  excess 
switch  in  its  action.  The  governor  controls  a  lever  which  short-cir- 
cuits and  opens  up  resistances  which  are  arranged  in  the  shunt  of  the 
machine,  and  so  regulates  the  electro-motive  force  according  to  speed.'* 

The  following,  taken  from  the  London  Electrician,  January  20, 
1893,  forms  a  sad  sequel  to  the  above:  "The  City  Road  windmill 
which  has  been  used  for  the  electric  lighting  of  Messrs  Carwardine  & 
Co.'s  flour  mill,  besides  other  work,  has  been  attacked  by  the  county 
council  as  a  sky  sign,  and  now  the  Ecclesiastical  commissioners,  as 
freeholders  of  the  land  have  obtained  an  injunction  restraining  its  fur- 
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ther  use  on  the  ground  that  it  is  an  erection  contrary  to  the  terms  of 
the  building  agreement.  A  rather  interesting  experiment  is  thus  brought 
to  an  end.  We  understand  that  the  plant  gave  every  satisfaction,  the 
power  obtained  being  sufficient  to  light  the  premises  with  27  16  c.  p. 
lamps  and  3  arc  lights.  The  storage  cells  are  in  excellent  condition, 
and  have  given  no  trouble  whatever.  At  the  time  the  injunction  was 
granted  Messrs  Carwardine  were  about  to  erect  a  motor,  to  be 
driven  b3'  the  accumulators,  for  the  purpose  of  hoisting  sacks." 

Experiments  at  Cape  of  the  Hague  (Translated  from  the  French,  An- 
nales  Industrielles,  1889,  t.  1.,  colon  454). — Under  the  patronage  of 
the  duke  of  Feltre,  experiments  were  made  during  1886  and  1887  by  the 
engineer  Raoul  de  L'Angle  Beaumanoir  at  the  Cape  of  the  Hague, 
upon  the  use  of  wind-power  for  generating  electricity.  The  experi- 
ments were  carried  out  in  the  most  complete  manner.  The  plant  was 
installed  in  the  North  light-house  at  Havre,  the  primary  object  being 
a  study  of  the  application  of  electricity,  thus  obtained,  to  the  eco- 
nomical lighting  of  the  beacon  lamps.  During  the  progress  of  these 
experiments,  numerous  trips  were  taken  upon  the  Continent  and  to 
London  for  the  purpose  of  studying  the  wind  and  also  the  best  form 
of  wind-mill,  dynamos  and  accumulators  for  this  use. 

A  40  foot  Halladay  mill  was  finalh'  selected,  a  ball  governor  being 
substituted  for  the  original  centrifugal  regulator.  This  mill  was 
brought  to  France  from  the  United  States  and  was  guaranteed  by  the 
French  agent  to  give  18  force  de  cheval  (17.8  horse-power),  measured 
on  the  wind  shaft  with  a  wind  of  33  feet  per  second,  but  was  found  in 
reality  to  give  this  power  at  a  wind  velocity  of  23  feet. 

Two  dynamos  were  made  b3^  the  Brush  Companj^  at  London  for 
the  above  plant.  They  were  of  the  Victoria  type  each  having  a  nor- 
mal voltage  of  75  volts,  one  ranging  from  1  to  4  horse-power,  the 
other  from  4  to  16  horse-power.  The  out-put  of  these  machines  is  vari- 
able and  quite  closeh^  proportional  to  the  number  of  revolutions.  The 
larger  machine  while  making  from  250  to  650  revolutions  per  minute 
gave  from  40  to  160  amperes.  The  smaller  machine  gave  for  a  speed 
of  100  to  260,  a  corresponding  current  of  8  to  40  amperes.  The  dyna- 
mos were  arranged  to  work  alternateh',  according  to  the  power  fur- 
nished by  the  mill,  the  object  in  having  two  being  to  avoid  the  great 
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loss  of  efficiency  that  would  occur  in  any  one  machine  working  under 
such  wide  variations  in  speed.  Between  each  dynamo  and  the  series 
of  accumulators  were  placed  automatic  circuit  breakers. 
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A  most  peculiar  and  original  feature  of  this  installation  is  the  auto- 
matic arrangement  employed  to  set  either  dynamo  in  motion  accord- 
ing to  which  one  is  better  adapted  to  the  strength  of  wind  blowing. 
Referring  to  the  figure,  A  is  a  pulley  ke^xd  to  a  horizontal  shaft  B, 
which  is  constantly  kept  in  motion  (always  in  the  same  direction)  by 
means  of  a  belt  running  from  a  pulle\"  C  on  the  counter  shaft.  A 
reversing  gear  F,  consisting  of  a  hollow  cylinder,  slides  on  shaft  B  and 
revolves  with  it  by  means  of  a  sliding  feather.  At  its  center  the  cylin- 
der is  turned  to  a  smaller  diameter  and  is  embraced  by  two  prongs  of 
a  fork,  the  latter  forming  the  end  of  a  horizontal  lever  oscillating 
about  the  point  G.  The  other  end  is  attached  on  one  side  to  a  spring 
H,  the  tension  of  which  may  be  regulated,  and  on  the  other  to  the 
plunger  7  of  a  solenoid,  around  which  passes  a  derivation  from  the  cir- 
cuit of  each  dynamo. 

When  the  current  reaches  the  maximum  strength  fixed  for  the 
smaller  dynamo,  the  solenoid  acts  upon  the  lever,  pushing  the  cj-linder 
Fto  the  left.  When,  however,  the  current  sinks  below  this  maximum, 
the  spring  acts  so  as  to  return  the  cj^linder  F  to  the  right.  On 
the  shaft  B  are  mounted  two  bevel-gears  /  and  K,  each  being 
keyed,  not  to  the  shaft,  but  to  one  end  of  the  reversing  cylinder.  If 
the  solenoid  prevails  in  placing  the  cylinder  F,  so  that  the  gear  /  en- 
gages with  L,  it  will  turn  the  latter  in  the  direction  of  the  arrow  /, 
being  impelled  bj^  the  shaft  B.  If,  however,  the  spring  prevails,  K  en- 
gaging with  L  will  give  motion  to  the  latter  in  the  direction  of  f/ 

The  wheel  L  is  keyed  to  a  horizontal  shaft  which  carries  at  its 
other  extremity  one  part  of  a  clutch  M,  the  other  part  of  the  clutch  N 
is  mounted  on  a  horizontal  shaft  O,  the  extremity  of  which  moves 
freely  in  the  first  half  M.  The  part  N  is  held  against  the  part  M  by 
means  of  an  adjustable  spring  P,  pressing  against  the  stop  Q.  When 
the  two  faces  of  the  clutch  M  and  N  are  pressing  against  each  other,  as 
indicated,  the  shaft  O  takes  the  motion  of  L,  either  in  the  direc- 
tion of  the  arrow  for  f  At  the  end  opposite  the  clutch  MN,  the  shaft 
O  carries  two  arms,  R  and  S,  diametrically  opposite  each  other.  The 
central  portion  of  these  arms  is  cut  away  to  form  guides.  In  the  arm 
R  slides  a  pin  attached  to  a  connecting  rod  T,  w^hich  moves  a  forked 
piece  U,  the  latter  traveling  upon  two  fixed  cylindrical  guides.    This 


102  George  H.  Morse. 

fork  embraces  the  approaching  side  of  the  belt  which  drives  the  large 
dynamo  E.  The  arm  S  is  attached  in  the  same  manner  to  another  fork 
V,  which  shifts  the  belt  of  the  smaller  dynamo  D.  W  is  the  fixed  pul- 
ley of  the  dynamo  JS  and  X  its  free  pulley.  Y  is  the  fixed  pulley  of  the 
dynamo  D  and  Z  its  free  pulley.  The  arms  R  and  S  are  so  arranged 
that  the  dynamo  B  will  be  running  when  D  is  at  rest,  and  vice  versa. 

An  inclination  is  given  to  the  teeth  of  the  clutch  MN,  such  that 
when  the  shaft  O  meets  any  considerable  resistance,  the  half  N  will  be 
forced  back  upon  the  spring  P,  thus  freeing  O  from  the  motion  of  L. 
The  resistance  referred  to  is  found  whenever  the  forks  U  or  F  reach  the 
end  of  travel,  which  is  determined  by  the  adjustable  stops  a  and  h. 

The  experiments  carried  out  at  the  North  light-house  have  proved 
very  satisfactory,  although  from  a  financial  point  of  view,  the  cost  of 
electric  energy  thus  obtained,  appeared  to  be  rather  high  owing  to  the 
excessive  cost  of  accumulator  cells. 

In  the  accompanying  table,  average  costs  and  performance  of  ap- 
paratus, under  the  peculiar  conditions  imposed,  have  been  in  all  cases 
adhered  to.  / 

The  dynamo  and  accumulator  plant  must  have  a  capacity  equal  to 
at  least  twice  the  required  average,  to  allow  for  strong  and  continu- 
ous winds. 

Although  50  and  45  per  cent,  efficiency  respectively  appears  low 
for  the  above  apparatus;  yet  we  should  remember  that  the  assumed 
power  of  the  windmill  is  to  be  obtained  only  under  a  wide  variation 
in  speed. 
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ESTIMATION  OF  OVERHAUL  BY  PROFILE  OF  QUANTITIES. 

0.  J.  Anderson.  ' 

The  method  of  estnnating  overhaul  by  "profile  of  quantities " 
was  first  introduced  into  this  country  in  1872  by  F.  Reineker,  then 
first  assistant  engineer  of  the  Pennsylvania  Railway  Company, 
Pittsburg,  Pa.,  for  use  in  his  department.  About  1882  it  came  into 
extensive  use  on  the  South  Pennsylvania  Railway,  and  has  since  been 
adopted  by  many  leading  railway  engineers. 

This  method  is  very  flexible  in  its  application  to  various  kinds  of 
earthworks,  and  can  be  used  to  advantage  in  making  preliminary  dis- 
tribution of  the  material  before  the  work  begins.  It  is  especially  use- 
ful in  adapting  mountain  grade  lines  to  the  best  ground,  where  the 
side  slopes  are  very  steep  and  the  actual  profile  of  the  center  line  does 
not  show  the  real  amount  and  location  of  the  material  to  be  moved. 

The  method  is  presented  with  an  example  of  the  work  as  executed. 

The  subject  treated  involves  the  following  steps: 

(a)  Compilation  of  data. 

(b)  Plotting  the  profile. 

(c)  Taking  off  the  results. 

(a)  Compilation  of  data:  The  paper  on  which  the  data  is  re- 
corded should  be  ruled  in  six  vertical  columns,  as  in  the  accompanying 
table. 

Column  1  contains  the  number  of  the  station.  In  columns  2  and  4 
the  volumes  of  earthwork,  in  embankment  or  excavation  at  the  suc- 
cessive stations,  are  recorded.  Embankments  are  designg.ted  +  and 
excavations  — . 

In  rock  work  or  where  mixed  material  is  encountered  care  must  be 
taken  to  allow  for  proper  shrinkage  of  the  several  materials.  The 
percentage  of  shrinkage  is  embodied  in  the  summation  of  the  quanti- 
ties before  the  ordinates  are  plotted  on  the  profile,  and  a  column  is 
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entered  for  the  corrected  quantities  of  fill.  Column  3  contains  i:hese 
corrected  quantities.  This  column  appears  onh-  where  an  allowance 
is  made  for  shrinkage. 

Columns  5  and  6  are  obtained  by  the  algebraic  addition  of  3  and 
4.  The  ordinate  at  anj^  point  of  the  profile  of  quantities  is  equal  to 
the  algebraic  sum  of  the  volumes  as  far  as  that  point,  and  should  be 
verified  b_v  this  principle  at  convenient  points  as  the  summation  pro- 
ceeds. 
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(b)  Plotting  the  profile. —  Ordinary  profile  paper  may  be  used. 
The  stations  are  laid  off  horizontally  along  the  lower  edge  of  the 
paper  the  same  as  for  ordinar3'  profile.  For  plotting  the  quanti- 
ties, instead  of  referring  to  a  datum  plane  at  the  lower  edge  of  the 
paper,  the  initial  line  or  axis  of  abscissa  is  located  somewhere  on  the 
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profile,  from  which  the  ordinates  are  measured,  +  above  and  —  below. 
Connecting  the  ends  of  these  ordinates  is  a  curve  composed  of  elements 
between  the  successive  stations.  If  the  increment  is  —  the  correspond- 
ing element  of  the  curve  will  incline  downward,  as  shown  by  the  full 
line  of  the  curve,  indicating  an  excavation;  but  if  the  increment  is  + 
this  element  of  the  curve  will  incline  upward,  as  shown  by  the  dotted 
part  of  the  curve,  indicating  an  embankment,  so  that  cut  or  fill  is 
always  indicated  by  full  or  dotted  lines  respectively. 

Balancing-  line. —  Some  points  of  this  line  are  usually  fixed  by  the 
conditions  of  the  problem.  Where  there  are  no  fixed  points,  the  bal- 
ancing line  may  be  determined  by  investigating  for  points  of  forward 
and  backward  haul,  which  make  the  work  a  minimum.  The  balancing 
line  is  drawn  through  these  points.  In  the  accompanying  figure  the 
point  a  is  the  beginning  of  the  work  and  hence  fixes  the  balancing  line 
through  that  point.  The  point  of  forward  and  backward  haul  of  the 
cut  df  is  e.  The  portion  fe  is  hauled  forward  to  build  up  the  embank- 
ment fg-,  and  ed  is  hauled  backward  for  building  up  the  portion  repre- 
sented by  the  dotted  line  cd.  The  balancing  line  is  horizontal,  since 
the  ordinate  of  a  given  amount  of  fill  plus  its  percentage  of  shrinkage 
corresponds  to  equal  ordinates  of  cut,  and  a  line  joining  these  ordi- 
nates must  be  horizontal. 

If  the  quantities  are  plotted,  as  is  sometimes  done,  without  making 
corrections  for  shrinkage,  the  balancing  line  will  be  inclined.  This  line 
is  then  located  by  taking  the  algebraic  sum  or  difference  (the  sum  if  the 
curve  points  upward  as  cc/e,  the  difference  if  it  points  downward  as  aba) 
of  its  intersection  with  the  full  line  of  the  curve,  and  the  shrinkage  of 
quantity  of  material  equal  to  that  represented  by  the  portion  of  the 
curve  included  between  the  above  intersection  and  the  point  where  the 
curve  changes  from  a  full  to  a  dotted  line.  This  sum  or  difference  will  be 
the  ordinate  of  the  intersection  of  the  dotted  line  of  the  curve  with  the 
balancing  line;  hence,  two  points  being  known,  the  line  is  determined. 
The  point  of  intersection  with  the  full  line  of  the  curve,  if  not  known, 
can  be  found  by  the  same  process  as  for  horizontal  balancing  lines.  In 
the  curve  jklm  let  j  be  a  fixed  point  of  intersection  with  the  balanc- 
ing line;  r  its  ordinate;  k,  the  point  where  the  curve  changes  from  a  full 
to  a  dotted  line;  s,the  ordinate  o{  k;  /,  the  intersection  of  the  balancing 


Estimation  of  Overhaul  by  Profile  of  Quantities. 


107 


108  O.  J.  Anderson. 

line  to  be  determined;  t,  the  ordinate  of  1,  and  p  the  percentage  of 
shrinkage;  then  t^r+  (s—r)  p.  The  point  7  is  now  located  at  the  inter- 
section of  the  dotted  lines  of  the  curve  with  the  ordinate  t. 

Lines  of  haul.  These  are  lines  drawn  to  each  point  of  flexure  of 
the  full  and  dotted  lines.  If  the  percentage  of  shrinkage  has  been  em- 
bodied in  the  algebraic  summation  of  the  quantities  before  plotting, 
or  when  there  is  no  shrinkage,  the  lines  of  haul  are  always  parallel  to 
the  balancing  line.  If  no  correction  for  shrinkage  has  been  made  in 
tabulating  the  ordinates,  we  proceed  as  follows :  Produce  the  portion 
of  the  balancing  line  which  passes  through  the  points  j  and  1  of  the 
curve  Jklm  to  the  point  F,  its  intersection  with  a  horizontal  line 
drawm  through  the  ordinate  of  if  (the  point  of  division  of  cut  and  fill). 
The  lines  of  haul  are  now  drawn  from  this  point,  as  a  pole,  to  the 
points  of  flexure  of  the  full  and  dotted  lines  of  the  curve. 

(c)  Taking  off  the  results.  The  principle  here  involved  is  the 
same  as  in  the  ordinary  center  of  gravity  method.  Each  element  is 
here  treated  separately.  The  center  of  gravity  of  any  element  is  as- 
sumed to  lie  midway  between  the  intersection  of  the  curve  with  suc- 
cessive lines  of  haul,  and  hence  the  distance  between  the  center  of  grav- 
ity of  an  element  of  excavation  and  that  of  a  corresponding  element 
of  embankment  is  the  mean  of  the  two  corresponding  lines  of  haul. 
The  distance  between  the  centers  of  gravity  of  cut  and  corresponding 
fill,  less  limit  of  free  haul  times  element  of  cut,  is  the  overhaul  for  that 
element.  The  sum  of  the  overhaul  for  all  the  elements  is  the  total 
overhaul  of  the  cut  under  consideration. 

The  only  respect  in  which  this  method  differs  from  the  ordinary 
center  of  gravity  method  is  that  instead  of  dealing  with  the  whole  cut, 
we  here  divide  it  into  its  elements  and  solve  for  each  one  separately. 
Let  Ui  be  the  overhaul  of  the  first  element,  U:  of  the  second,  u^  of  the 
third,  etc.;  Vi,  v,,  v^,  etc.,  the  cuts  of  the  corresponding  elements; 
Xi,  X2,  Xg,  etc.,  the  distances  from  the  origin  to  the  centers  of  gravity  of 
these  cuts;  Zi,  Zo,  Zg,  etc.,  the  distances  from  the  origin  to  the  centers  of 
gravity  of  the  corresponding  fills;  1,  the  limit  of  free  haul. 

Then  Uj  =  Vj  [  Xj  —  (  Zi  +  1  )  ]  is  the  overhaul  for  the  first  element ; 
u_,  =  Yj  [  x^  —  (  Z2  +  1  )  ]  is  the  overhaul  for  the  second ;  u^  =  Vg  [  Xg  — 
(  z,  +  1  )],  that  of  the  third,  etc. 
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Adding  we  have  for  the  total  cut  under  consideration  Ui  +  u>  -f  U3 
+  etc.  =  Yi  Xi  +  v..  X...  +  Y;^  X,  -f-  etc.—  (  Y;  Zj  +  y.  z-  +  \.^  z^  +  etc.  )  — 
1  (  V,  +  V,  +  Y,  +  etc.)  or  U  =  Y  X  -  Y  Z  -  L  V  =  V[X  -  (Z  +  L)  ], 
which  corresponds  to  the  equation  used  in  the  ordinary-  center  of 
gra  vitr  method . 

To  illustrate  the  method  here  employed,  let  us  consider  the  element 
between  the  balancing  line  and  the  first  line  of  haul  in  the  curYC  abc. 

Element  of  cut  =  316  cubic  ^-ards. 

Balancing  line  =  2,200  feet. 

First  line  of  haul  =  2,070  feet. 

Limit  of  free  haul  =  1,000  feet. 

316  x(^'^"" +  -'"""  -  1,000  )  =  3,586.6  cubic  yards  to  100  feet. 

In  finding  the  element  of  cut  between  two  lines  of  haul  we  take  the 
difference  of  ordinates  from  the  profile,  or  if  great  accuracy-  is  desired, 
we  read  the  elements  of  cut  directh*  from  the  data  prepared  for  plot- 
ting the  profile. 

The  length  of  the  balancing  line  and  the  length  of  the  lines  of  haul 
are  found  by  taking  the  difference  of  the  abscissa  of  their  intersections 
with  the  right  and  left  branch  of  the  curYC.  When  these  quantities  are 
determined,  they  are  tabulated  and  the  equations  solved,  as  illustrated 
in  the  tabular  statement  of  OYcrhaul  on  the  accompanying  fac-simile 
profile  sheet. 
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The  Leading  Boiler  of  America, 

THE  STIRLING  SAFETY  WflTEB  TUBE  BOILEB. 


UMVJBRbliY  OF  MICHIGAN. 


Ann  Arbor,  Mich.,  Feb.  14,  1893. 
THE  STIRLING  COMPANY,  Pullman  Bldg.,  Chicago. 

Gentlemen. — The  boiler  appears  to  be  easily  managed,  responds  quickly  to  firing  and 
has  apparently  a  wide  efficient  range.  In  an  emergency,  with  good  draught,  it  can  be  forced 
to  double  its  rated  capacity  without  difficulty.  The  boiler  is  evidently  a  well  designed,  efficient 
and  powerful  steam  generator.    I  have  the  honor  to  remain  yours  very  truly, 

M.  E.  COOLEY. 

Armour  &  Co.,  Chicago,  bought  7,000  horse-power  in  less  than  one  year.    Their  master 
irechanic  says  that  they  save  20  per  cent,  over  return  tubulars. 

The  Standard  Oil  Co.  is  using  them  the  third  year  and  say:    "A  phenominal  boiler." 
For  particulars  and  catalogue,  address 

GENERAL  offices:  A,     L.    CROCKER, 

STIRLING  CO.,  Pullman  Bldq..  LUMBER  EXCHANGE, 

CHICAGO.  MINNEAPOLIS. 


